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A  FOCUSED  APPROACH 
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ver  the  years  SensorMedics  has  strived  to  achieve  a  single  goal 
...  to  produce  the  finest  medical  instrumentation  used  in  Cardio- 
pulmonary Care.  Today  these  efforts  are  represented  by  products 
that  reflect  years  of  research,  refinement,  clinical  trial  and  world- 
wide acceptance. 

^^  Sleep  Diagnostics 

>5^  Realizing  that  a  large  number  of  the  world's  population  suffers 
from  sleep  disorders,  SensorMedics  focused  its  computer  program- 
ming skills  and  instrument  design  to  speed  up  and  automate  the 
collection  and  analysis  of  recorded  physiological  data  during  sleep. 
These  efforts  resulted  in  products  such  as  the  portable  and  com- 
pletely self-contained  SomnoTrac  that  combines  innovation  and 
miniaturization  into  a  comprehensive  sleep  system  providing  com- 
prehensive data  acquisition,  analysis  of  the  sleep  record  and 
report  generation. 

SLife  Support 
SensorMedics  has  long  recognized  the  importance  of  working 
partnerships  with  physicians,  therapists,  technicians,  nurses  and 
researchers.  One  such  partnership  led  to  the  development  and 
release  in  1991  of  the  3W0A  Oscillatory  Ventilator  used  in  the  treat- 
ment of  the  very  sick  neonate.  The  3100A  is  the  most  recent  addition 
in  life  support  products  including  Pulse  Oximetry  and  Transcutaneous 
CO2/O2  monitoring. 


pSIl  Pulmonary  Function 

'""'  SensorMedics  revolutionized  measurement  technology  with 
the  Mass  Flow  Sensor  and  Fast  Response  Multi gas  Analyzer  which 
allows  testing  over  a  large  dynamic  range  with  greater  accuracy 
combined  with  reduced  testing  times.  Ttiese  techniques  have  been 
fully  tested  and  validated  by  physiologists,  laboratories  and  institu- 
tions throughout  the  world  and  are  incorporated  into  products  ranging 
from  small  spirometers  to  the  Model 6200 Autobox. 

I  V/n  '^^^^''"'''^  Measurement 

yi2«.SensorMedics  Metabolic  Measurement  products  began  as 
a  response  to  researchers  monitoring  fitness  requirements  for  explo- 
ration and  sports  medicine.  The  result,  the  Metabolic  Measurement 
Cart  has  proven  itself  for  over  two  decades  to  be  an  invaluable 
instrument  in  assessing  metabolism  to  aid  in  diagnosing  cardiac 
and  respiratory  disorders,  monitoring  nutritional  requirements  and 
measuring  functional  capacity  and  fitness. 

For  additional  information  on  these  and  other 
SensorMedics  products  contact  us  at 
1-800-231-2466,  ext.  8501  or  fax  to  1-714-283-8439. 
In  Europe,  call  (31)  30  289711  or  fax  to  (31)  30  286244. 
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Thanks  to  you,  we've  reached  an  all-time  high  of  36,000  AARC 
members.  So  there's  no  better  time  to  tell  you  what  your  support 
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opportunities,  conferences,  and  seminars  for  all  RCPs.  So,  if 
you're  an  AARC  member,  we'd  like  to  thank  you  for  your  support 
and  ask  you  to  keep  up  the  good  work  because  you  are  the  key  to 
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Make  work  of  breathing  light  as  a  feather! 

Drager  is  the  first  to  offer  you  Minimum  Pressure  Ventilation,  a  feather  light  synchronizing 
ventilation  philosophy  that  lets  you  deliver  volume  constant  pressure  control. 

Up  until  now,  you've  been  left  literally  in  the  dark  vifhen  it  comes  to  knowing  how  your  patients 
are  responding  to  respiratory  therapy.  Evita's  integrated  screen  lets  you  view  analogue 
ventilation  waveforms,  plain  text,  status  information  and  alarm  messages. 

And  what's  more,  Drager  has  streamlined  operations,  making  it  easier  for  you  to  fine  tune 
ventilation  modes,  including  Mrvja'^  Pressure  Release  Ventilation  (APRV),  a  unique  ventila- 
tion mode  to  treat  ARDS  patients  All  of  this  adds  up  to  greater  patient  safety,  maximum 
patient  comfort  and  ultimately,  your  peace  of  mind.  Your  know  how  and  Drager  technology  --  a 
powerful  partnership  for  saving  lives  For  the  difference  your  patients  can  feel, 
choose... 

Drager:  Tectinology  for  Life 

4101  Pleasant  Valley  Drive   Suite  100  Ctiantiliy,  VA  22021    Tel  (703)  817  -  0100   Fax  (703)  817  -  0101 
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Summaries  of  Pertinent  Articles  in  Other  Journals 


Editorials,  Commentaries,  and  Reviews  To  Note 


Button  Battery  Ingestions  in  Children  (review) — A 
Sheikh.  Pediatr  Enierg  Care  1993:9:224. 

Intertwining  and  Knotting  of  a  Guidewire  with  a  Cen- 
tral Venous  Catheter  (case  report) — D  Olsfanger,  R  Je- 
deiken,  B  Fredman,  A  Ben-Or.  Chest  1993:104:623. 

Asthma  and  Asthma-Like  Symptoms  in  Adults  Assessed 
by   Questionnaires:   A   Literature   Review   (special  re- 


port)—K  Toren.  J  Brisman,  B  Jarvholm.  Chest  1993:104: 
600. 

Prone  Sleeping  Position  and  Sudden  Infant  Death  (ed- 
itorial)—CF  Poets.  DP  Southall.  N  Eng  J  Med  1993:329: 
425.  (Pertains  to  Ponsonby  et  al  paper  abstracted  on  Page  10.) 

Airway  Management  and  Nosocomial  Infection  (let- 
ter)—RP  Dellinger.  Crit  Care  Med  1993:21:  1109.  (Per- 
tains to  Holzapt'el  paper  abstracted  on  Page  11.) 


Gastric  and  Pharyngeal  Flora  in 
Nosocomial  Pneumonia  Acquired 
during  Mechanical  Ventilation — A 

Torres,  M  El-Ebiary,  J  Gonzalez.  M 
Feirer,  JP  De  La  Bellacasa,  A  Gene, 
et  al.  Am  Rev  Respir  Dis  1993:148: 

352. 

We  studied  the  interrelations  be- 
tween gastric,  pharyngeal,  proximal, 
and  distal  airway  bacterial  flora  in 
ventilator-associated  pneumonia  (YAP) 
on  36  patients  with  nosocomial  pneu- 
monia acquired  during  mechanical 
ventilation  (MY)  and  27  mechan- 
ically ventilated  control  subjects 
without  pulmonary  infection.  Gastric, 
pharyngeal,  and  endotracheal  (EA) 
sampling  for  quantitative  cultures 
were  performed  upon  all  patients,  as 
well  as  fiberoptic  bronchoscopy  with 
protected  specimen  brush  (PSB)  sam- 
pling. Mean  bacterial  and  fungi  col- 
ony counts  were  significantly  in- 
creased in  pharyngeal.  EA.  and  PSB 
samples  in  patients  with  YAP  com- 
pared with  control  subjects.  The 
overall  increase  in  colonization  was 
due  to  Gram-positive  cocci  in  all 
samples.  In  addition.  Gram-negative 
bacilli  and  fungi  mean  counts  in- 
creased significantly  in  P.SB  pneu- 
monia samples  versus  control  sam- 
ples. However,  mean  gastric  coloni- 
zation was  similar  in  both  patients 
with  YAP  and  control  subjects.  In  the 


former  group  there  was  an  increase 
in  coincident  microorganisms  iso- 
lated from  gastric,  pharyngeal,  and 
EA  sainples  in  relation  to  PSB  sam- 
ples compared  with  control  samples. 
Among  the  different  quantitative  cul- 
tures analyzed,  only  those  obtained 
froin  EA  significantly  correlated  with 
PSB  cultures  in  patients  with  pneu- 
monia (r  -  0.67,  p  =  0.001).  In  sum- 
mary, the  present  study  shows  that 
the  coincidence  between  microor- 
ganisms isolated  in  PSB  cultures  and 
those  from  gastric  and  oropharynx  in- 
crease in  MY  patients  with  pneu- 
monia, indicating  that  both  reservoirs 
play  a  key  role  in  the  pathogenesis  of 
pneumonia.  Conceivably,  preventing 
both  gastric  and  pharyngeal  col- 
onization may  reduce  the  incidence 
of  ventilator-associated  pneumonia. 
From  all  the  noninvasive  samples 
studied,  only  endotracheal  aspirate 
cultures  were  useful  for  inferring  the 
etiology  of  some  YAP  pneumonias. 

Bronchoscopy  versus  Empirical 
Therapy  in  HIV-infected  Patients 
with  Presumptive  Pneumocystis  ca- 
rinii  Pneumonia:  A  Decision  Anal- 

y.sis— JY  Tu,  HJ  Biem,  AS  Detsky. 
Am  Rev  Respir  Dis  1993:148:.37(). 

The  outcomes  of  alternative  strate- 
gies for  the  management  of  pulmo- 
nary   complications    in    patients    in- 


fected with  the  human  immunodefi- 
ciency virus  (HIY)  and  with  sus- 
pected Pneumocystis  carinii  pneu- 
monia were  compared  using  a  de- 
cision analysis  model.  A  decision 
tree  was  constructed  using  baseline 
probabilities  derived  from  published 
data  and  expert  opinion.  The  case 
scenario  analyzed  was  that  of  a  pa- 
tient not  currently  receiving  anti- 
pneumocystis  prophylaxis  who  pre- 
sents with  moderate  pulmonary 
symptoms  and  fulfills  the  Centers 
for  Disease  Control  (CDC)  criteria 
for  presumptive  P  carinii  pneu- 
monia. Two  strategies  were  com- 
pared: ( 1 )  early  bronchoscopy  with 
appropriate  therapy  based  on  the  re- 
sults, and  (2)  empiric  treatment  for  P 
carinii  (trimethopriin/sulfamethoxa- 
zole  or  pentamidine,  and  steroids) 
with  delayed  bronchoscopy  in  those 
not  responding  to  5  days  of  empiric 
therapy.  The  expected  1 -month  sur- 
vival rate  (with  and  without  quality 
of  life  adjustment)  was  found  to  be 
essentially  the  same  for  the  two  strat- 
egies using  the  baseline  probabili- 
ties, and  the  decision  remained  a 
toss-up  within  the  clinically  relevant 
range  of  published  probabilities  for 
P  carinii  pneumonia  in  patients  ful- 
filling the  CDC  criteria.  Because  ear- 
ly bronchoscopy  does  not  offer  any 
additional  survival  benefits  and  is  as- 
sociated with  uieater  costs  and  dis- 
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utility,  empiric  therapy  would  appear 
to  be  the  superior  management  strat- 
egy in  this  scenario. 

Chronic  Obstructive  Pulmonary 
Disease:  An  Original  Model  of 
Cognitive  Decline — RA  Incalzi,  A 
Gemma.  C  Marra,  R  Muzzolon,  O 
Capparella,  P  Carbonin.  Am  Rev  Re- 
spirDis  1993:148:418. 

In  order  to  characterize  the  neuro- 
psychologic profile  of  patients  with 
hypoxic-hypercapnic  chronic  ob- 
structive pulmonary  disease  (COPD), 
the  performance  of  36  patients  with 
COPD  69  ±  10  yr  of  age  (mean  ± 
SD)  on  19  tests  exploring  eight  cog- 
nitive domains  was  compared  with 
those  of  29  normal  adults  (69  ±  7  yr 
of  age),  20  normal  elderly  adults  (78 
±  2  yr  of  age),  26  patients  with  Alz- 

For  your  convenience,  and  direct  ac- 
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heimer-type  dementia  (72  ±  6  yr  of 
age),  and  28  with  multi-infarct  de- 
mentia (MID)  (70  ±  8  yr  of  age).  The 
discriminant  analysis  of  cognitive 
test  scores  showed  that  48.5%  of  pa- 
tients with  COPD  had  a  specific  pat- 
tern of  cognitive  deterioration  char- 
acterized by  a  dramatic  impairment 
in  verbal  and  verbal  memory  tasks, 
well-preserved  visual  attention,  and 
diffuse  worsening  of  the  other  func- 
tions. The  remaining  patients  with 
COPD  were  functionally  classified 
as  normal  adults  (12.1%),  normal 
elderly  adults  (15.2%),  those  with 
MID  (12.1%),  and  those  with 
Alzheimer-type  dementia  (12.1%) 
according  to  discriminant  analysis. 
Cognitive  impairment  was  sig- 
nificantly and  positively  correlated 
with  age  (p  <  0.05)  and  duration  of 
hypoxic-hypercapnic  chronic  res- 
piratory failure  (p  <  0.05).  Because 
patients  with  COPD  were  receiving 
oxygen  therapy  from  the  beginning 
of  oxyhemoglobin  desaturation,  re- 
sults suggest  that  continuous  oxygen 
therapy  does  not  prevent  or  only 
partly  prevents  cognitive  decline  in 
COPD.  Although  some  analogies  be- 
tween age-related  and  COPD-related 
cognitive  decline  are  evident,  a  dis- 
tinct cognitive  profile  was  found  in  a 
large  fraction  of  patients  with  COPD 
and  it  differs  in  several  aspects  from 
those  of  both  normal  and  demented 
subjects. 

Involuntary  Smol^ing  in  tlie  Res- 
taurant Worliplace:  A  Review  of 
Employee  Exposure  and  Health 
Effects— M  Siegel.  JAMA  1993:270 
(4):490. 

OBJECTIVE:  To  determine  the  rela- 
tive exposure  to  environmental  to- 
bacco smoke  for  bar  and  restaurant 
employees  compared  with  office  em- 
ployees and  with  nonsmokers  ex- 
posed in  the  home  (Part  1 )  and  to  de- 
termine whether  this  exposure  is 
contributing  to  an  elevated  lung  can- 
cer risk  in  these  employees  (Part  2). 


DATA  SOURCES:  MEDLINE  and 
bibliographies  from  identified  pub- 
lications. STUDY  SELECTION:  In 
Part  1,  published  studies  of  indoor 
air  quality  were  included  if  they  re- 
ported a  mean  concentration  of  car- 
bon monoxide,  nicotine,  or  par- 
ticulate matter  from  measurements 
taken  in  one  or  more  bars,  res- 
taurants, offices,  or  residences  with 
at  least  one  smoker.  In  Part  2,  pub- 
lished epidemiologic  studies  that  re- 
ported a  risk  estimate  for  lung  cancer 
incidence  or  mortality  in  food- 
service  workers  were  included  if 
they  controlled,  directly  or  indirectly, 
for  active  smoking.  DATA  EX- 
TRACTION: In  Part  1,  a  weighted 
average  of  the  mean  concentration  of 
carbon  monoxide,  nicotine,  and  res- 
pirable  suspended  particulates  re- 
ported in  studies  was  calculated  for 
bars,  restaurants,  offices,  and  res- 
idences. In  Part  2,  the  relative  lung 
cancer  risk  for  food-service  workers 
compared  with  that  for  the  general 
population  was  examined  in  the  six 
identified  studies.  DATA  SYNTHE- 
SIS: Levels  of  environmental  tobac- 
co smoke  in  restaurants  were  ap- 
proximately 1.6  to  2.0  times  higher 
than  in  office  workplaces  of  other 
businesses  and  1.5  times  higher  than 
in  residences  with  at  least  one  smok- 
er. Levels  in  bars  were  3.9  to  6.1 
times  higher  than  in  offices  and  4.4 
to  4.5  times  higher  than  in  res- 
idences. The  epidemiologic  evidence 
suggested  that  there  may  be  a  50% 
increase  in  lung  cancer  risk  among 
food-service  workers  that  is  in  part 
attributable  to  tobacco  smoke  ex- 
posure in  the  workplace.  CONCLU- 
SIONS: Environmental  tobacco 
smoke  is  a  significant  occupational 
health  hazard  for  food-service  work- 
ers. To  protect  these  workers,  smok- 
ing in  bars  and  restaurants  should  be 
prohibited. 

The  Lifetime  Cost  of  Treating  a 
Person  with  HIV— FJ  Hellinger. 
JAMA  1993:270(4):474. 
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OBJECTIVE;  To  estimate  the  cost 
(total  charges  for  services)  of  med- 
ical care  for  persons  with  human  im- 
munodeficiency virus  (HIV)  from 
the  time  of  infection  until  death.  DE- 
SIGN AND  SETTING:  Data  from 
the  AIDS  (acquired  immunode- 
ficiency syndrome)  Cost  and  Service 
Utilization  Survey  were  used.  PA- 
TIENTS: Data  from  interviews  con- 
ducted during  the  spring  and  early 
summer  of  1992  with  1.164  re- 
spondents with  HIV  were  analyzed. 
The  respondents  were  recruited  at  26 
sites  (hospitals,  clinics,  and  phy- 
sicians' offices)  in  10  cities.  Billing 
data  from  a  survey  of  providers  also 
were  used.  OUTCOME  MEAS- 
URES: Estimates  of  the  mean  oc- 
cupancy time  in  each  of  four  disease 
stages  were  obtained  from  the  San 
Francisco  Men's  Health  Study. 
These  estimates  were  multiplied  by 
the  inonthly  cost  in  each  stage  and 
summed  to  derive  a  synthetic  esti- 
mate of  the  lifetime  medical  care 
costs  of  treating  a  person  with  HIV. 
RESULTS;  It  is  estimated  herein  that 
the  lifetime  cost  of  treating  a  person 
with  HIV  from  the  time  of  infection 
until  death  is  approximately 
$1 19.000.  The  estimated  cost  of  care 
from  HIV  infection  until  the  de- 
velopment of  AIDS  is  $50,000. 
while  the  estimated  cost  from  AIDS 
development  until  death  is  ap- 
proximately $69,000.  These  es- 
timates define  upper  bounds  because 
they  assume  persons  receive  treat- 
ment continuously  from  the  moment 
of  infection  until  death.  CONCLU- 
SIONS: This  study  found  that  the 
cost  of  treating  a  person  with  AIDS, 
which  has  risen  rapidly  in  the  past, 
has  fallen  as  a  result  of  a  reduction  in 
the  use  of  inpatient  hospital  services. 

I'ncitmocystis  cariiiii  Pneumonia 
amon^  U.S.  Children  with  Peri- 
natally  Acquired  HIV  Infection — 

RJ  Simonds.  MJ  Oxtoby.  MB  Cald- 
well. ML  Gwinn,  MF  Rogers.  JAMA 
1993;270(4):470. 


OBJECTIVE:  To  describe  epidemi- 
ologic characteristics  of  Pneumocys- 
tis cariuii  pneumonia  (PCP)  among 
children  with  perinatally  acquired  hu- 
man immunodeficiency  virus  (HIV) 
infection  to  guide  prevention  efforts. 
DESIGN:  National  acquired  immu- 
nodeficiency syndrome  (AIDS)  sur- 
veillance of  children  aged  0  through 
12  years,  a  multisite  surveillance 
study  of  HIV  infection  in  children 
aged  0  through  12  years,  and  the  na- 
tional HIV  serosurvey  of  child- 
bearing  women.  SETTING:  Sur- 
veillance conducted  by  state  and 
local  health  departments  and  reported 
to  the  Centers  for  Disease  Control 
and  Prevention  1982  through  1992. 
RESULTS;  Pneumocystis  carinii 
pneumonia  was  reported  in  \31i 
(37%)  of  3.665  perinatally  acquired 
AIDS  cases.  Over  half  of  these  cases 
occurred  between  3  and  6  months  of 
age.  In  183  (64%)  of  275  PCP  cases 
reported  in  the  special  surveillance 
study,  PCP  was  the  first  or  only 
AIDS-defining  condition  diagnosed, 
and  in  44%  of  cases,  the  child  had 
not  been  evaluated  for  HIV  infection 
before  diagnosis  of  PCP.  The  esti- 
mated median  survival  after  diag- 
nosis of  PCP  was  19  months.  CON- 
CLUSIONS; Pneumocystis  carinii 
pneumonia  is  a  common  and  serious 
opportunistic  infection  that  affects 
young  children  with  HIV  infection. 
Effective  efforts  to  prevent  PCP  in 
this  population  will  require  iden- 
tification as  early  as  possible  of  chil- 
dren who  may  be  infected  with  HIV. 

Effect  of  Isoniazid  Prophylaxis  on 
Incidence  of  Active  Tuberculosis 
and  Progression  of  HIV  Infec- 
tion—J  W  Pape,  SS  Jean.  JL  Ho.  A 
Hafner.  WD  Johnson  Jr.  Lancet  1993; 
.342:268. 

Tuberculosis  occurring  with  human 
immunodeficiency  virus  (HIV)  in- 
fection is  a  serious  and  growing  pub- 
lic health  problem.  We  have  carried 


out  a  randomised  clinical  trial  of  a 
12-month  course  of  isoniazid  plus  vi- 
tamin B6  versus  vitamin  B6  alone  in 
Port-au-Prince,  Haiti,  to  assess  the 
efficacy  of  isoniazid  in  preventing 
active  tuberculosis  in  symptom-free 
HIV-infected  individuals.The  effect 
of  prophylaxis  on  the  development 
of  HIV  disease,  AIDS,  and  death  was 
also  investigated.  1 1 8  subjects  were 
assigned  treatment  with  isoniazid 
plus  B6  (n  =  58)  or  B6  alone  (n  =  60) 
between  1986  and  1989.  The  treat- 
ment groups  were  similar  at  study 
entry  in  demographic,  clinical,  and 
immunological  characteristics.  Inter- 
im analysis  in  1990  revealed  no  sig- 
nificant difference  in  tuberculosis 
outcome  measures.  Follow-up  was 
continued  until  1992.  at  which  time 
significant  protection  by  isoniazid 
against  the  development  of  tuber- 
culosis was  apparent,  both  for  the 
whole  study  population  and  for  sub- 
jects positive  for  purified  protein  de- 
rivative of  tuberculin  (PPD).  The  in- 
cidence of  tuberculosis  was  lower  in 
isoniazid  recipients  than  in  patients 
who  received  B6  alone  (2.2  vs  7.5 
per  100  person-years).  The  relative 
risk  of  tuberculosis  was  3.4  (95%  CI 
1.1-10.6)  for  B6  alone  versus  iso- 
niazid plus  B6  (p  <  0  05).  Isoniazid 
also  delayed  progression  to  HIV  dis- 
ease and  AIDS  and  death.  Thus,  iso- 
niazid effectively  decreases  the  in- 
cidence of  tuberculosis  and  delays 
the  onset  of  HIV-related  disease  in 
symptom-free  HlV-seropositive  indi- 
viduals. Isoniazid  prophylaxis  should 
be  considered  for  HIV-seropositive, 
PPD-positive  subjects,  and  may  also 
be  appropriate  for  PPD-negative  pa- 
tients in  areas  where  tuberculosis  is 
highly  endemic. 

Factors  Potentiating  the  Risk  of 
Sudden  Infant  Death  Syndrome 
Associated  with  the  Prone  Posi- 
tion— A-L  Ponsonhy.  T  Dwyer.  LE 
Gibbons.  JA  Cochrane.  Y-G  Wang. 
N  Engl  J  Med  1993:329:377. 
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BACKGROUND:  In  several  studies 
the  sudden  infant  death  syndrome 
(SIDS)  has  been  significantly  associ- 
ated with  sleeping  in  the  prone  posi- 
tion. It  is  not  known  how  the  prone 
position  increases  the  risk  of  SIDS. 
METHODS:  We  analyzed  data  from 
a  case-control  study  (58  infants  with 
SIDS  and  120  control  infants)  and  a 
prospective  cohort  study  (22  infants 
with  SIDS  and  213  control  infants) 
in  Tasmania.  Interactions  were 
examined  in  matched  analyses  with  a 
multiplicative  model  of  interaction. 
RESULTS:  In  the  case-control  study. 
SIDS  was  significantly  associated 
with  sleeping  in  the  prone  position, 
as  compared  with  other  positions 
(unadjusted  odds  ratio,  4.5;  95%  con- 
fidence interval,  2.1  to  9.6).  The 
strength  of  this  association  was  in- 
creased among  infants  who  slept  on 
natural-fiber  mattresses  (p  =  0.05). 
infants  who  were  swaddled  (p  = 
0.09),  infants  who  slept  in  heated 
rooms  (p  =  0.006),  and  infants  who 
had  had  a  recent  illness  (p  =  0.02). 
These  variables  had  no  significant  ef- 
fect on  infants  who  did  not  sleep  in 
the  prone  position.  A  history  of  re- 
cent illness  was  significantly  as- 
sociated with  SIDS  among  infants 
who  slept  prone  (odds  ratio,  5.7; 
95%  confidence  interval.  1.8  to  19) 
but  not  among  infants  who  slept  in 
other  positions  (odds  ratio.  0.83).  In 
the  cohort  study,  the  risk  of  SIDS 
was  greater  among  infants  who  slept 
prone  on  natural-fiber  mattres.ses 
(odds  ratio,  6.6;  95%  confidence  in- 
terval, 1.3  to  33)  than  among  infants 
who  slept  prone  on  other  types  of 
mattresses  (odds  ratio,  1.8).  CON- 
CLUSIONS: When  infants  sleep 
prone,  the  elevated  risk  of  SIDS  is 
increased  by  each  of  four  factors:  the 
use  of  natural-fiber  mattresses,  swad- 
dling, recent  illness,  and  the  use  of 
heating  in  bedrooms. 

Influence  of  Long-Term  Oro-  or 
Nasotracheal  Intubation  on  Noso- 
comial   Maxillary    Sinusitis    and 


Pneumonia:  Results  of  a  Pros- 
pective Randomized,  Clinical  Trial 

— L  Holzapfel,  S  Chevret.  G  Madini- 
er,  F  Ohen,  G  Demingeon,  A  Cou- 
pry,  M  Chaudet.  Crit  Care  Med 
1993:21:1132. 

OBJECTIVE:  To  compare  the  occur- 
rence rate  of  nosocomial  maxillary 
sinusitis  and  pneumonia  in  patients 
who  have  undergone  nasotracheal  vs 
orotracheal  intubation.  DESIGN: 
Randomized,  clinical  trial.  SET- 
TING: General  adult  intensive  care 
unit  (ICU)  in  a  nonteaching  public 
hospital.  PATIENTS:  A  total  of  300 
(209  male,  91  female)  patients  were 
included.  The  mean  age  was  59  ±  17 
(SD)  yrs.  The  simplified  acute  phys- 
iologic score  was  14  ±  6.  Reasons 
for  admission  to  the  ICU  were  coma 
(n  =  78),  pneumonia  (n  =  46),  in- 
fection (n  =  35),  surgery  (n  =  34), 
multiple  trauma  (n  =  20),  head  trau- 
ma (n  =  12),  other  (n  =  75).  Among 
the  300  patients,  149  were  ran- 
domized into  the  nasotracheal  group 
and  151  into  the  orotracheal  group. 
No  statistical  difference  was  found 
between  initial  characteristics  of  the 
two  groups.  INTERVENTIONS:  Pa- 
tients were  randomized  between  na- 
sal and  oral  endotracheal  intubation. 
Gastric  intubation  was  performed  via 
the  same  route  as  endotracheal  in- 
tubation. Sinus  computed  tomog- 
raphy (CT)  scans  were  performed 
every  7  days  or  earlier  in  case  of  fe- 
ver and/or  purulent  nasal  discharge. 
Criteria  for  nosocomial  sinusitis 
were  as  follows:  fever  of  >  38°C,  ra- 
diographic (sinusal  air- fluid  level  or 
opacification  on  CT  scan)  signs  and 
presence  of  purulent  aspirate  from 
the  involved  sinus  puncture  with  10' 
colony-forming  units  (cfu)/mL.  Di- 
agnosis of  pneumonia  was  based  on 
classical  criteria  and  a  protected 
brush  specimen  with  10'  cfu/mL. 
MEASUREMENTS  &  MAIN  RE- 
SULTS: Radiographic  evidence  of 
sinusitis  was  observed  in  78  patients, 
45  from  the  nasal  group  and  33  from 


the  oral  group  (p  =  0.08,  log-rank 
test).  Among  these  patients,  54  ful- 
filled the  sinusitis  criteria  stated 
above,  29  in  the  nasal  group  and  25 
in  the  oral  group  (p  =  0.75,  log-rank 
test).  Nosocomial  pneumonia  was 
observed  in  26  patients,  17  in  the  na- 
sal group  and  9  in  the  oral  group  (p  = 
0.11.  log-rank  test).  A  multivariable 
analysis  considering  sinusitis  as  a 
time-dependent  factor  has  suggested 
that  sinusitis  increased  the  risk  of 
nosocomial  pneumonia  by  a  factor  of 
3.8.  Nosocomial  septicemia  was  ob- 
served in  33  patients,  22  episodes  in 
the  nasal  group  and  13  episodes  in 
the  oral  group  (p  =  O.I  I,  log-rank 
test).  Overall  mortality  rate  was  37% 
in  the  nasal  group  vs  41%  in  the  oral 
group  (p  =  0.37,  log-rank  test).  Epi- 
sodes of  atelectasis  and  accidental 
extubations,  and  doses  of  sedative 
drugs  and  antibiotics  were  not  differ- 
ent between  the  two  groups.  Length 
of  mechanical  ventilation  did  not  dif- 
fer between  the  two  intubation 
groups.  The  mean  length  of  stay  in 
the  ICU  was  II  ±  15  days  in  the  na- 
sal group  vs  9.5  ±  1 1  days  in  the  oral 
group  (p  =  0.27,  Student's  t  test). 
CONCLUSIONS:  In  patients  under- 
going prolonged  mechanical  ventila- 
tion, there  was  no  statistically  sig- 
nificant difference  in  the  occurrence 
rate  of  nosocomial  sinusitis  or  pneu- 
monia between  patients  undergoing 
tracheal  intubation  via  the  nasal  vs 
oral  route.  A  trend  (p  =  0.08)  sug- 
gests less  sinusitis  in  the  orotracheal 
group. 

Pressure-Controlled  Ventilation  vs 
Controlled  Mechanical  Ventilation 
with  Decelerating  Inspiratory  Flow 

— J  Muiioz,  JE  GueiTero,  JL  Es- 
calante,  R  Palomino.  B  De  La  Calle. 
Crit  Care  Med  1993;21(8):1 143. 

OBJECTIVE:  To  ascertain  whether 
pressure-controlled  ventilation  offers 
any  advantage  with  respect  to  con- 
ventional controlled  mechanical  ven- 
tilation with  decelerating  flow.  DE- 
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SIGN:  Prospectise,  comparative 
study.  SETTING:  Intensive  care  unit. 
PATIENTS:  Eleven  consecutive  crit- 
ically ill  adult  patients.  MEASURE- 
MENTS &  MAIN  RESULTS:  Study 
of  respiratory  mechanics  and  arterial 
blood  gases  after  30  min  of  pressure- 
controlled  ventilation.  Repetition  of 
the  same  measurements  after  30  min 
of  controlled  mechanical  ventilation 
with  decelerating  flow  waveform. 
with  equal  tidal  volumes,  using  a 
commercially  available  mechanical 
ventilator.  Student's  /  test  for  paired 
comparisons.  A  lesser  maximum  in- 
spiratory flow  rate  was  required  for 
pressure-controlled  ventilation  (55.7 
±  16  L/s)  than  for  controlled 
mechanical  ventilation  (72  ±  2  L/s)  (p 
<0.(X)1).  Nevertheless,  the  peak  pres- 
sures measured  in  the  orotracheal 
tubes  of  the  patients  were  higher  in 
pressure-controlled  ventilation  (20.4 
±  3.5  cm  H:0)  than  in  controlled  me- 
chanical ventilation  (18.4  ±  4.8  cm 
H:0)  (p  <  0.05).  This  model  meas- 
ured pressure  in  the  inspiratory  line, 
providing  erroneous  information  re- 
garding the  behavior  of  pressures  in 
the  airway.  The  peak  pressure  meas- 
ured by  the  ventilator  was  signif- 
icantly higher  in  controlled  mechan- 
ical ventilation  than  in  pressure- 
controlled  ventilation  and  was,  in  ad- 
dition, reached  at  initiation  of  in- 
spiration in  10  of  II  patients  with 
controlled  mechanical  ventilation, 
while  peak  pressure  measured  in  the 
orotracheal  tube  was  invariably 
reached  at  the  end  of  the  inspiration, 
both  in  pressure-controlled  ventila- 
tion and  controlled  mechanical  ven- 
tilation. The  rest  of  the  parameters  an- 
alyzed, including  end-inspiratory 
pressure,  mean  pressure,  intrinsic  pos- 
itive end-expiratory  pressure,  and  ar- 
terial blood  gases,  showed  no  differ- 
ences. The  difference  between  quasi- 
static  compliances  almost  reached  sta- 
tistical significance  (72  ±  25.4  mL/cm 
H:0  in  pressure-controlled  ventilation 
vs  68.8  ±  24.3  mL/cm  H.O  in  con- 
trolled  mechanical    ventilation:   p   = 


0.052).  CONCLUSIONS:  Our  study 
failed  to  demonstrate  any  important 
difference  between  pressure-con- 
trolled ventilation  and  controlled  me- 
chanical ventilation  with  decelerating 
inspiratory  flow  waveform.  The  dif- 
ferences in  the  airway  pressures  de- 
tected by  the  ventilator  are  spurious 
and  are  due  to  the  place  (inspiratory 
line)  where  these  pressures  were 
measured.  The  difference  between 
the  peak  pressure  measured  in  the 
orotracheal  tube  has  statistical,  but 
not  clinical,  value  and  is  lower  in 
controlled  mechanical  ventilation. 
Based  on  the  limited  number  of  var- 
iables we  studied  and  unless  the  ten- 
dency indicated  in  the  quasi-static 
compliance  is  demonstrated  in  the  fu- 
ture, we  do  not  believe  that  pressure- 
controlled  ventilation  contributes  any 
uniqueness  to  the  theory  or  practice 
of  mechanical  ventilation. 

Meconium  Aspiration  Syndrome: 
Physiological  and  Inflammatory 
Changes  in  a  Newborn  Piglet  Mod- 
el—AM  Davey,  JD  Becker.  JM  Da- 
vis. Pediatr  Pulmonol  1993:16:101. 

In  order  to  evaluate  further  the  phys- 
iological and  inflammatory  changes 
of  meconium  aspiration  syndrome 
(MAS),  25  newborn  piglets  (1-2  days 
old,  1.5  ±  0.4  kg)  were  studied.  Pig- 
lets were  briefly  ventilated  with  100% 
oxygen  and  then  received  an  intra- 
tracheal bolus  of  3  mL/kg  of  a  20% 
suspension  of  human  meconium. 
They  were  then  further  ventilated, 
keeping  Paco:  at  approximately  40 
torr  and  P.,o:  at  70  torr  during  4,  12. 
24.  and  48  h  studies.  Pulmonary  func- 
tion studies  and  tracheal  aspirates 
were  obtained  at  time  zero  and  seri- 
ally throughout  the  study.  Bron- 
choalveolar  lavage  was  performed  at 
the  end  of  the  study  to  examine  en- 
dogenous surfactant  function.  Control 
piglets  received  3  mL/kg  of  intra- 
tracheal saline  and  were  then  ventilat- 
ed for  48  h  at  an  inspired  oxygen  con- 
centration and  mean  airway  pressure 


matched  to  the  meconium-treated 
group  (to  control  for  the  effects  of  hy- 
peroxia  and  barotrauma  on  the  lung). 
MAS  cau.sed  acute  decreases  in  gas 
exchange  and  dynamic  lung  com- 
pliance, which  returned  toward  base- 
line by  48  h  (p  <  0.001.  ANOVA). 
Tracheal  aspirate  absolute  neutrophil 
count,  neutrophil  chemotactic  activity, 
albumin,  and  total  protein  concentra- 
tions also  increased  significantly  over 
time  (p  <  0.00 1).  Endogenous  sur- 
factant function  appeared  to  be  sig- 
nificantly inhibited  by  the  meconium. 
All  variables  of  lung  injury  were  sig- 
nificantly higher  in  the  meconium 
group  compared  to  the  saline  control 
group  over  the  48  h  study.  Newborn 
piglets  provide  a  clinically  relevant 
model  of  MAS,  demonstrating  phys- 
iological and  inflammatory  changes 
with  apparent  alterations  in  endog- 
enous surfactant  function.  Effective 
therapies  for  MAS  may  require  inter- 
ventions directed  at  all  of  these  com- 
ponents of  lung  injury. 

A  Simplined  Method  for  Determ- 
ining the  Frequency  Response  of 
Pneumotachographs  Used  in  In- 
fants—P  Vallinis,  S  Retfalvi,  GM 
Davis,  AL  Coates.  Pediatr  Pulmonol 
1993:16:109. 

In  all  rapidly  changing  systems,  an 
appropriate  response  time  of  all  .sens- 
ing devices  is  essential  for  the  ac- 
curate conversion  of  a  physiological 
parameter  to  a  proportional  electrical 
signal.  The  frequency  response  of 
equipment  is  the  ability  to  accurately 
reflect  both  the  magnitude  and  tem- 
poral relationship  of  dynamic  events 
over  a  defined  frequency  range.  The 
phase  lag  expresses  the  temporal  de- 
lay between  the  physical  event  being 
measured  and  the  output  signal.  The 
attenuation  expresses  diminution  of 
the  amplitude  ratio  of  the  output  sig- 
nal in  relation  to  the  input  signal  over 
a  range  of  frequencies.  We  have  de- 
veloped a  method  that  specifically  ad- 
dresses   the     measurement    of    fre- 
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quency  response  and  attenuation  of 
pneumotachographs  and  low  pressure 
transducers.  The  system  consists  of  a 
81-Hter  rectangular  box  separated  in 
the  middle  by  a  30.5  cm  acoustic 
loudspeaker,  the  cone  sealed  by  latex, 
and  driven  by  a  signal  generator  cou- 
pled to  a  low  frequency  amplifier. 
This  system  can  produce  an  un- 
distorted  sinusoidal  signal  between  0 
and  20  Hz,  and  the  peak  flow  through 
the  pneumotachograph  is  only  mini- 
mally affected  by  changes  in  fre- 
quency. Rapid  analysis  is  possible  us- 
ing an  oscilloscope  to  produce 
Lissajou  loops.  There  is  no  measur- 
able attenuation  between  the  electri- 
cal signal  and  the  pressure  generated 
over  frequencies  from  1  to  20  Hz. 
The  system  is  accurate  at  low  fre- 
quencies and  can  generate  appropri- 
ate signals  over  the  frequency  range 
of  interest  for  respiratory  applica- 
tions, and  it  can  be  inexpensively 
constructed. 

Polysomnography  in  Obese  Chil- 
dren with  a  History  of  Sleep- 
Associated  Breathing  Disorders — 

JM  Silvestri,  DE  Weese-Mayer,  MT 
Bass,  AS  Kenny,  SA  Hauptman.  SM 
Pearsall.  Pediatr  Pulmonol  1993;16: 

124. 

We  hypothesized  that  obese  children 
with  a  history  of  breathing  difficulty 
during  sleep  would  demonstrate  ( 1 ) 
evidence  of  complete  and  partial  ob- 
structive sleep  apnea  (OSA)  with  hy- 
percarbia  and/or  hypoxemia;  and  (2) 
correlation  between  symptoms,  de- 
gree of  obesity,  adenoid  and  tonsil 
size,  and  polysomnography  (PSG) 
results.  We  evaluated  32  obese  chil- 
dren (%  ideal  body  weight  [IBW], 
196  ±  45%)  with  a  sleep  history  ques- 
tionnaire, airway  radiographs,  elec- 
trocardiograms (ECG),  and  PSG.  By 
history,  we  found  snoring  (100%), 
difficulty  breathing  (59%),  sweating 
(44%),  restlessness  (53%),  arousals 
(41%),  apnea  (50%),  worsening  with 
upper    respiratory    infection    (URI) 


(81%),  hypersomnolence  (59%),  and 
mouth  breathing  (59%).  We  found 
adenoid  and/or  tonsil  enlargement  on 
75%  of  airway  x-ray  pictures.  ECGs 
were  abnormal  in  5  patients.  Among 
all  patients,  mean  sleep  study  oxy- 
hemoglobin saturation  (Sao^)  was  85 
±  16%  and  mean  end-tidal  CO2  (Pet- 
CO:)  was  51  ±  7  torr;  84%  had  par- 
adoxical inward  movement  of  the 
chest  on  inspiration,  59%  had  OSA, 
and  66%  had  partial  OSA.  In  those 
with  >  200%  IBW  and  adenotonsillar 
enlargement,  elevated  Peico:  and  the 
presence  of  hypoxemia  (SaO:  <  90%) 
for  >  5%  of  the  total  sleep  time  (TST) 
were  correlated,  unlike  in  patients  of 
similar  weight  but  without  aden- 
otonsillar enlargement.  Individual 
symptoms  did  not  correlate  with  the 
severity  of  PSG  abnormalities.  By 
discriminant  analysis,  using  three 
variables  (IBW,  presence  of  aden- 
otonsillar tissue,  and  presence  of  5 
symptoms),  we  could  predict  PSG  ab- 
normalities with  up  to  81%  re- 
liability. Our  findings  indicate  that  in 
obese  children,  particularly  those 
with  %IBW  200  and  adenotonsillar 
hypertrophy,  with  sleep-disordered 
breathing,  evaluation  by  polysom- 
nography should  be  considered. 

Effect  of  Obesity  on  Pulmonary 
Function  in  Children — LS  Insel- 
man,  A  Milanese,  A  Deurloo.  Pediatr 
Pulmonol  1993:16:130. 

The  effect  of  obesity  on  pulmonary 
function  was  studied  in  13  children, 
aged  8-15  years,  with  147-300% 
ideal  body  weight  (IBW).  Measure- 
ments included  lung  volumes,  air- 
flow rates  pre-  and  post-broncho- 
dilator  nebulization,  diffusing  capac- 
ity (Dico),  maximal  voluntary  ven- 
tilation (MVV),  minute  ventilation 
(Ve),  and  resting  energy  expenditure 
(REE).  When  compared  with  pre- 
dicted normal  values  for  sex,  height, 
and  body  surface  area  (BSA),  de- 
creases (mean  %  predicted,  ±  SE) 
were  observed  in  expiratory  reserve 


volume  (ERV,  36  ±5):  forced  ex- 
piratory volume  in  I  second  (FEV|. 
73  ±  5);  forced  expiratory  flow  be- 
tween 25%  and  75%  of  vital  capacity 
(FEF:5-7.sT,  70  ±  6):  Dlco,  absolute 
(52  ±  3)  and  corrected  (Dlco/Va.  71 
±  5):  and  MVV  (62  ±  5).  Residual 
volume  (RV),  RV/total  lung  capacity 
(TLC).  \fe,  and  REE  were  elevated. 
Other  lung  volumes  were  normal. 
Thus,  obese  children  have  altered 
pulmonary  function,  which  is  char- 
acterized by  reductions  in  Dlco  and 
ventilatory  muscle  endurance  and 
airway  narrowing.  These  alterations 
may  reflect  extrinsic  mechanical 
compression  on  the  lung  and  thorax, 
and/or  intrinsic  changes  within  the 
lung.  The  reduced  Dlco  may  result 
from  decreases  in  alveolar  surface 
area  relative  to  lung  volume. 

The  Value  of  the  Forced  Expira- 
tory Time  in  the  Physical  Di- 
agnosis of  Obstructive  Airways 
Disease — RM  Schapira,  MM  Scha- 
pira,  A  Funahashi,  TL  McAuliffe,  B 
Varkey.  JAMA  1993:270:731. 
OBJECTIVE:  To  evaluate  the  test 
characteristics  of  the  forced  ex- 
piratory time  (FET)  in  the  diagnosis 
of  obstructive  airways  disease.  DE- 
SIGN: A  cross-sectional  diagnostic 
test  study.  The  FET  of  400  subjects 
was  measured  by  a  physician  ex- 
aminer and  was  compared  with  the 
criterion  standard  of  spirometry.  In  a 
second  sample  of  100  subjects,  the 
FET  was  measured  by  pairs  of  phy- 
sician examiners  to  evaluate  inter- 
examiner  agreement.  SETTING:  A 
pulmonary  function  test  laboratory  at 
a  tertiary  care  hospital  that  receives 
referrals  for  preoperative  evalua- 
tions, acute  and  chronic  pulmonary 
disease,  and  occupational  lung  dis- 
ease. SUBJECTS:  A  consecutive 
sample  of  patients  who  were  referred 
to  the  pulmonary  function  laboratory 
from  primary  care  internists,  pul- 
monary physicians,  and  surgeons. 
INTERVENTIONS:  None.  MAIN 
OUTCOME  MEASURES:  The  sen- 
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siti\  ily  and  specificity  of  the  FET  in 
the  diagnosis  of  obstructive  airways 
disease  at  cutoff  values  ranging  from 
2  to  14  seconds.  A  receiver  operating 
characteristic  curve  was  used  to  eval- 
uate the  diagnostic  performance  of 
the  FET.  Likelihood  ratio  lines  were 
determined  using  a  logistic  regres- 
sion model  adjusting  for  the  sub- 
ject's age.  Interexaminer  agreement 
was  evaluated  with  a  k  statistic.  RE- 
SULTS: Using  the  FET  maneuver 
with  a  cutoff  value  of  6  seconds  will 
correctly  diagnose  the  greatest  num- 
ber of  subjects  with  obstructive  air- 
ways disease.  The  FET  maneuver  is 
more  discriminating  for  subjects  60 
years  or  older  compared  with  young- 
er subjects.  The  positive  likelihood 
ratio  for  a  subject  aged  60  years  or 
older  with  an  FET  of  4  to  6  seconds 
is  0.42  (95%  confidence  interval 
[CI],  0.24  to  0.73);  of  6  to  8  seconds, 
2.19  (95%  CL  1.02  to  4.80);  and  of 
greater  than  8  seconds,  4.08  (95% 
CI,  2.54  to  6.79).  The  k  statistic  for 
interexaminer  agreement  is  0.70. 
CONCLUSIONS:  The  FET  demon- 
strates moderately  good  performance 
as  a  diagnostic  test  for  obstructive 
airways  disease.  The  value  of  the  test 
will  depend  on  the  pretest  probability 
of  disease  and  the  clinical  circum- 
stances in  which  it  is  used. 

The  Oral  Motor  Development  of 
Low-Birth-Weight  Infants  Who 
Underwent  Orotracheal  Intuba- 
tion during  the  Neonatal  Period — 

J-AB  Bier,  A  Ferguson.  C  Cho,  W 
Oh,  BR  Vohr.  AJDC  1993:147:858. 

OBJECTIVE:  To  investigate  the  po- 
tential development  of  oral  motor 
problems  following  prolonged  oro- 
tracheal intubation  in  low-birth- 
weight  infants.  DESIGN:  Pros- 
pective    observational.     SETTING: 


Tertiary  care  hospital.  PATIENTS: 
Fifty-one  low-birth-weight  infants 
and  10  full-term  infants  divided  into 
three  groups — Group  1  with  15  low- 
birth-weight  infants  (  1.250  g)  who 
had  been  intubated  for  more  than  1 
week;  Group  2  with  36  low-birth- 
weight  infants  who  had  been  in- 
tubated for  1  week  or  less;  and 
Group  3  with  10  full-term  control  in- 
fants. INTERVENTIONS:  None. 
MEASUREMENTS  &  RESULTS: 
Oral  motor  assessments  of  nutritive 
sucking  were  compared  at  corrected 
ages  of  term  and  3  months.  The  re- 
sults showed  that  low-birth-weight 
infants  with  prolonged  intubation 
had  significantly  poorer  sucking  abil- 
ities at  both  term  and  3  months.  The 
number  of  days  of  oxygen  use  and 
the  postnatal  age  (weeks)  at  which 
nipple  feeding  was  begun  were  the 
most  powerful  predictors  of  sucking 
ability  at  term  (p  <  0.001),  whereas 
the  number  of  days  of  orotracheal  in- 
tubation and  gestational  age  at  birth 
were  the  most  powerful  predictors  of 
sucking  ability  at  3  months  (p  < 
0.001). 

Effects  of  Halothane,  Propofol, 
and  Thiopental  on  Peripheral  Air- 
way Reactivity — EH  Mehr,  KS 
Lindeman.  Anesthesiology  1993;79 
(2):290. 

BACKGROUND:  General  anesthe- 
tics modify  airway  responsiveness  by 
several  mechanisms,  including  direct 
effects  on  airway  smooth  muscle  and 
reductions  in  neural  reflex  activity. 
Halothane  has  been  shown  to  reduce 
responsiveness  through  both  of  these 
mechanisms.  The  airway  effects  of 
barbiturates  are  controversial,  and 
the  effects  of  propofol  are  unknown. 
METHODS:  To  compare  the  direct 


effects  of  halothane,  thiopental,  and 
propofol  in  vivo,  canine  peripheral 
airways  were  constricted  with  two 
stimuli,  histamine  and  hypocapnia, 
which  are  thought  to  directly  con- 
tract smooth  muscle.  The  authors 
then  investigated  the  role  of  ATP- 
sensitive  potassium  (Katp)  channels 
as  a  mechanism  for  attenuating  these 
responses.  Basenji-Greyhound  (BG) 
dogs  were  anesthetized  with  ei- 
ther halo-thane  (1.5  MAC),  thi- 
opental (7.5  mg  ■  kg  '  •  min  '  intra- 
venously) plus  fentanyl  (25  fig 
intravenously  every  20-30  min),  or 
propofol  (0.6  mg  ■  kg  '  ■  min  '  intra- 
venously). A  wedged  bronchoscope 
technique  was  used  to  measure  pe- 
ripheral airway  resistance  (Rp).  After 
a  stable  baseline  was  obtained,  dose- 
response  curves  to  histamine  (50, 
100,  or  200  ^g  intravenous  bolus)  or 
hypocapnia  (0%  CO:  for  2  min  with 
100,  200,  or  400  niL/min  collateral 
flow)  were  constructed.  On  separate 
occasions,  the  same  sublobar  seg- 
ments were  pretreated  with  gli- 
benclamide  (2  mg/mL  aerosol),  a 
Katp  channel  blocker,  and  dose- 
response  curves  to  hypocapnia  were 
repeated.  RESULTS:  Dose-response 
curves  to  histamine  were  similar  dur- 
ing all  three  anesthetics.  Halothane 
decreased  airway  responsiveness  to 
hypocapnia,  compared  with  either 
thiopental  or  propofol  (p  <  0.05), 
Pretreatment  with  glibenclamide 
abolished  the  effect  of  halothane  on 
hypocapnia-induced  airway  constric- 
tion. CONCLUSIONS:  These  results 
indicate  that  propofol  afforded  no 
benefit  over  thiopental  or  halothane 
in  reducing  peripheral  airway  re- 
sponsiveness. Furthermore,  the  ben- 
eficial effects  of  halothane  in  re- 
ducing responsiveness  to  hypocapnia 
appear  to  be  mediated  by  the  opening 
of  Katp  channels. 


16 


RESPIRATORY  CARE  •  JANUARY  '94  Vol  39  No  1 


Editorials 


Who  Should  Perform  Endotracheal  Intubation? 
A  Summary  of  Issues 


Introduction 

A  recent  study  in  RESPIRATORY  CARE  strongly 
implied  that  hospitals  could  enhance  patient  care  by 
using  respiratory  care  practitioners  (RCPs)  to  per- 
form the  endotracheal  intubations  needed  outside 
the  operating  suite.'  The  study  by  Zyla  and  co- 
workers- in  this  issue  demonstrates  that  RCPs  with 
appropriate  training  are  also  valuable  in  providing 
backup  intubation  expertise  when  the  person  origi- 
nally assigned  to  this  task  fails  to  secure  the  airway. 
Traditionally,  such  endotracheal  intubations  have 
been  performed  by  anesthesiologists,  nurse  anes- 
thetists, intensivists,  and  emergency  room  physi- 
cians. In  some  hospitals,  pulmonologists,  pediatri- 
cians, intensive  care  nurses,  and  other  paramedical 
groups  have  been  involved  in  endotracheal  intuba- 
tion; and,  in  many  others,  residents  in  training  in  the 
intensive  care  unit  or  emergency  room  continue  to 
be  charged  with  this  responsibility.  In  this  era  of 
cross-training  and  redefinition  of  roles,  perhaps  it  is 
useful  to  re-examine  which  group  of  healthcare 
providers  is  best  equipped  to  provide  this  intubation 
service.  This  editorial  focuses  on  the  issues  to  be 
considered  by  each  hospital  as  it  addresses  this 
question.  Because  personnel  resources  vary  among 
hospitals,  we  suspect  that  there  is  no  universal  an- 
swer. Analysis  of  this  question  does  however  pro- 
vide reasons  why  RCPs  are,  if  properly  trained  and 
provided  with  appropriate  medical  direction,  an 
ideal  group  to  perform  this  service. 

The  Issues 

Quality  Care 

In  the  current  healthcare  environment  with  its 
emphasis  on  cost-effectiveness,  care  must  always  be 
taken  to  keep  the  issues  of  quality  and  good  patient 
outcomes  paramount.  Substandard  performance 
cannot  be  tolerated  where  endotracheal  intubation  is 


concerned  The  old  maxim,  "Do  as  you  would  be 
done  by,"  is  certainly  applicable  to  this  issue.  From 
the  patient's  viewpoint,  intubation  should  always  be 
performed  by  the  individual  or  group  who  is  best 
qualified  and  available  within  seconds,  24  hours  a 
day. 

By  virtue  of  their  training  and  continued  on-the- 
job  experience,  anesthesia  providers  are  usually  the 
most  accomplished  intubators.  In  many  hospitals, 
however,  operating  room  duties  may  prevent  them 
from  providing  the  necessary  rapid  response  to 
other  areas  in  the  hospital.  If  this  is  indeed  the  case, 
it  is  incumbent  upon  the  hospital  to  define  which 
other  group  should  perform  this  activity  and  ensure 
that  their  training  and  ability  to  react  rapidly  is  up  to 
the  task.  Competence  in  intubation  has  many  facets. 
For  example,  members  of  the  intubating  team 
should  know  how  to  intubate  children  as  well  as 
adults  and  certainly  what  to  do  in  complex  situa- 
tions such  as  a  failed  intubation  or  when  some  other 
complication  associated  with  this  procedure  arises. 

Education 

In  many  hospitals,  particularly  the  teaching  ones, 
a  multiplicity  of  physician  and  nonphysician  groups 
seek  to  have  their  members  taught  how  to  perform 
endotracheal  intubation.  Table  1  lists  the  different 
groups  seeking  such  education  within  our  own  insti- 
tution. Whereas  didactic  training  and  practice  on 
mannequins  is  easy  to  arrange,  we  believe  that  these 
are  inadequate  to  ensure  competence  without  addi- 
tional training  and  practice  on  patients  who  are 
anesthetized  for  elective  surgery  in  the  operating 
suite.  However,  clinical  training  as  just  described  is 
costly  and  time-consuming,  particularly  because 
there  is  a  definite  learning  curve  associated  with  an 
individual  becoming  proficient  in  intubating  live 
patients.  Clearly,  we  have  an  obligation  to  provide 
such  clinical  experience  to  the  next  generation  of 
healthcare  providers,  but,  in  the  context  of  teaching 
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Table  1.    Groups  Vying  for  Intubation  Experience 

Respiratory  therapy  students 

Respiratory  therapists  (pediatric  and  neonatal  transport  teams) 

Respiratory  therapists  (resuscitation  team) 

Student  nurse  anesthetists 

Flight  team  personnel 

Critical  care  fellows 

Resident  physicians 

Anesthesiology 

Surgery 

Thoracic  diseases-pulmonary  medicine 

Pediatrics 
Medical  students 

endotracheal  intubation,  it  might  be  argued  that  we 
are  currently  attempting  to  educate  too  many 
groups.  In  a  given  hospital,  the  multiplicity  of  these 
groups  and  the  large  number  of  practitioners  in- 
volved may  mean  that  the  clinical  case  load  and, 
therefore,  teaching  opportunities  available  are  inad- 
equate for  anyone  to  become  properly  experienced. 
Perhaps  such  hospitals  should  concentrate  on  giving 
their  clinical  experience  to  anesthesiology  residents, 
nurse-anesthetist  students  in  training,  and  respirato- 
ry therapists — if,  indeed,  the  last  group  is  going  to 
perform  the  intubations  required  outside  the  operat- 
ing suite.  It  is  reported  that  unless  endotracheal  intu- 
bation is  performed  on  a  regular  basis,  the  skill  to 
accomplish  it  declines.'  If  the  number  of  patients  in- 
tubated by  a  particular  RCP  outside  the  operating 
suite  is  inadequate  to  guarantee  his  or  her  compe- 
tence, the  availability  of  operating  room  intubation 
practice  is  vital. 

Technology 

Recent  work  with  the  laryngeal  mask  airway*  and 
the  esophageal  tracheal  Combitube''  suggests  that 
technology  may  have  something  to  offer  by  way  of 
options  for  emergency  airway  management.  While 
endotracheal  intubation  remains  the  gold  standard 
for  securing  the  airway,  these  devices,  which  may 
be  successfully  inserted  without  visualizing  the 
glottis,  may  provide  an  option  for  managing  emer- 
gency airway  situations  without  the  need  for  exten- 
sive training  and  skill  maintenance.  In  institutional 
.settings  that  don't  provide  the  number  of  intuba- 
tions necessary  to  keep  the  skills  of  all  practitioners 
honed,  these  devices  may  provide  a  bridge  in  airway 
management  until  more  experienced  hands  are 
available.  Further  investigation  of  their  utility  in 
this  role  is  certainly  warranted. 


Turf 

In  a  healthcare  system  in  which  clinical  responsi- 
bilities are  changing  rapidly,  the  age-old  question  of 
turf  is  again  rearing  its  head.  RCPs  usually  have  re- 
suscitation and  airway  management  responsibilities 
and  may  rightfully  consider  endotracheal  intubation 
to  be  within  their  purview.  However,  as  RCPs'  prac- 
tice expands  to  include  endotracheal  intubation,  we 
must  recognize  and  support  the  need  for  good  pa- 
tient outcome  and  medical  education.  No  amount  of 
personal  or  departmental  satisfaction  justifies  de- 
creased quality  of  service  to  patients.  The  system 
devised  for  the  Butterworth  Hospital  and  described 
by  Zyla  et  al  in  this  issue  may  serve  as  a  model  for 
cooperative  sharing  of  responsibilities  with  excel- 
lent patient  outcomes. - 

In  conclusion,  the  question  of  who  provides  intu- 
bation services  is  important  and  perhaps  more  com- 
plicated than  indicated  at  first  glance.  Information 
from  successful  RCP-provided  intubation  services 
reported  in  the  Journal  are  helpful.  However,  suc- 
cess at  one  institution  may  not  translate  well  to  an- 
other. While  there  is  no  question  that  RCPs  can  pro- 
vide a  first-class  intubation  service  at  some  hospi- 
tals, there  remain  questions  as  to  whether  this 
should  be  the  goal  in  all  institutions. 

Curt  Buck  CRNA  RRT 
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Department  of  Anesthesiology 

Peter  A  Southorn  MB  BS 
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Negative  Pressure  Ventilation  for  Facilitation  of 

Weaning  from  Mechanical  Ventilation — 

Back  to  the  Future? 


In  this  issue  of  Respiratory  Care,  Del  Bufaio 
et  al'  report  an  anecdotal  series  of  19  patients  with 
respiratory  failure  due  to  COPD,  the  combination  of 
COPD  and  kyphoscoliosis,  or  kyphoscoliosis  alone, 
whose  weaning  from  mechanical  ventilation  was  fa- 
cilitated by  periodic  use  of  a  tank  ventilator  over 
varying  periods  averaging  several  days.  These  pa- 
tients had  all  failed  conventional  weaning  attempts 
from  standard  positive  pressure  ventilation  using  an 
endotracheal  tube,  and  use  of  tank  ventilation  expe- 
dited extubation.  The  authors  conclude  that  nega- 
tive pressure  ventilation  can  be  used  to  successfully 
support  ventilation  after  extubation  when  conven- 
tional weaning  has  failed.  They  call  for  further  con- 
trolled studies  to  better  evaluate  the  efficacy  of  this 
approach. 

Although  the  uncontrolled  design  of  this  study 
weakens  the  conclusion  that  negative  pressure  ven- 
tilation was  actually  successful  in  supporting  venti- 
lation in  these  patients,  it  appears  from  the  cases  de- 
scribed that  re-intubation  with  resumption  of  posi- 
tive pressure  ventilation  would  have  been  necessary 
without  negative  pressure  ventilation.  This  result  is 
not  surprising  in  view  of  previous  experience  with 
negative  pressure  ventilators.  The  design  for  tank 
ventilators  dates  back  to  at  least  1843,-  and  their  ef- 
ficacy and  reliability  in  providing  ventilatory  sup- 
port were  firmly  established  during  the  polio  epi- 
demics of  the  1920s  through  1950s,  when  they  were 
the  most  commonly  used  ventilators.  More  recent 
studies  have  shown  that  tank  ventilators  rest  respira- 
tory muscles  in  patients  with  severe  stable  COPD,"* 
although  patient  familiarization  with  the  ventilator 


appears  to  be  necessary."*  Subsequent  studies  have 
demonstrated  that  other  negative  pressure  ventila- 
tors such  as  the  Poncho-Wrap  reduce  CO2  tensions 
and  improve  tolerance  of  supplemental  O2  in  pa- 
tients with  exacerbations  of  COPD.'^^  Thus,  the 
finding  that  tank  ventilators  support  ventilation  in 
patients  with  COPD  after  bouts  of  acute  respiratory 
failure  confirms  the  earlier  experience. 

The  more  germane  question,  however,  is  not 
whether  negative  pressure  ventilation  can  be  used  to 
facilitate  weaning,  but  rather  whether  it  should  be 
used  to  facilitate  weaning.  As  acknowledged  by  the 
authors,  this  study  is  too  limited  to  provide  any  real 
insight  into  answering  this  question.  The  following 
issues  must  be  addressed  if  this  question  is  to  be  an- 
swered: Does  intermittent  use  of  a  negative  pressure 
ventilator  following  extubation  shorten  the  total  du- 
ration of  mechanical  ventilation  or  does  it  take  just 
as  long  or  longer,  merely  providing  a  substitute? 
Are  complications  such  as  nosocomial  pneumonia 
and  aspiration  reduced  in  frequency  compared  to 
standard  therapy?  Are  patients  more  or  less  com- 
fortable using  this  approach  in  comparison  to  stan- 
dard therapy?  How  do  nurses  and  respiratory  thera- 
pists perceive  the  difficulty  of  care  and  do  demands 
on  time  increase,  particularly  considering  that  sev- 
eral persons  are  usually  required  to  move  a  patient 
into  and  out  of  a  tank  ventilator.  How  cost-effective 
is  this  approach  relative  to  standard  therapy? 
Finally,  and  perhaps  of  greatest  interest,  how  does 
negative  pressure  ventilation  compare  with  nonin- 
vasive positive  pressure  ventilation,  another  mode 
that  some  investigators  have  proposed  as  a  means  of 
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expediting  removal  of  endotracheal  tubes  during 
weaning.^ 

Dei  Bufalo  et  al'  are  periiaps  overly  sanguine 
about  the  potential  advantages  of  negative  pressure 
ventilation  compared  to  positive.  They  claim  that 
negative  pressure  ventilation  reduces  adverse  hemo- 
dynamic consequences  and  barotrauma,  yet  Ma- 
loney  and  Whittenberger**  pointed  out  years  ago  that 
the  hemodynamic  effects  of  tank  ventilators  are  re- 
lated to  pressure  differences  and  not  absolute  pres- 
sures. Thus,  although  air  pressure  at  the  mouth  may 
be  atmospheric  during  negative  pressure  cycling,  it 
is  positive  relative  to  the  pressure  in  the  chamber. 
They  demonstrated  that  a  positive  intratracheal 
pressure  of  30  cm  H2O  had  the  same  hemodynamic 
consequences  as  atmospheric  intratracheal  pressure 
and  a  pressure  of  -30  cm  H^O  in  the  chamber,  and 
that  adverse  hemodynamic  consequences  could 
thereby  occur.  In  addition,  even  though  Del  Bufalo 
et  al  did  not  detect  any,  obstructive  apneas  are  likely 
to  occur  in  patients  using  negative  pressure  ventila- 
tion.'' Finally,  the  contention  that  negative  pressure 
ventilation  is  more  effective  than  noninvasive  posi- 
tive pressure  ventilation  for  supporting  a  "weak 
ventilatory  pump"  is  unsubstantiated  by  any  studies 
and  runs  counter  to  some  reports.'" 

Even  if  studies  are  done  to  answer  the  questions 
posed,  several  pragmatic  issues  will  likely  limit  the 
use  of  negative  pressure  ventilation  for  facilitation 
of  weaning  in  the  United  States.  Tank  ventilators  are 
heavy  and  bulky.  Few  hospitals  in  the  United  States 
currently  store  them,  and  to  acquire  several  would 
exacerbate  crowding  problems  for  many  respiratory 
therapy  departments.  Tank  ventilators  can  be  ac- 
quired from  vendors  such  as  LIFECARE  (Lafayette 
CO),  but  there  is  often  a  delay  of  a  day  or  two  for 
delivery  and  a  delivery  charge  of  roughly  $500  that 
may  not  be  covered  by  third-party  payers.  Negative 
pressure  ventilators  such  as  the  Poncho-Wrap  and 
chest  shell  are  much  less  bulky,  but  are  also  less  ef- 
fective, may  be  time-consuming  to  apply,  and  may 
require  special  fitting."  At  the  pre.sent  time,  the  best 
candidates  for  use  of  intermittent  negative  pressure 
ventilation  to  facilitate  weaning  are  the  occasional 
patients  who  were  already  using  negative  pressure 
ventilation  for  chronic  respiratory  failure  when  they 
were  admitted.  This  approach  remains  an  option  for 
others  who  are  intolerant  of  noninvasive  positive 


pressure  ventilation  and  are  in  hospitals  with  ready 
access  to  and  considerable  experience  with  negative 
pressure  ventilators. 
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Use  of  Extrathoracic  Negative  Pressure  Ventilation 

in  Weaning  COPD  and  Kyphoscoliotic  Patients 

from  Mechanical  Ventilation 

C  Del  Bufalo  MD,  L  Fasano  MD,  CC  Quarta  MD,  M  Nastasi  MD,  and  G  Gunella  MD 

INTRODUCTION:  The  process  of  weaning  from  mechanical  ventilation  remains 
extremely  difficult  when  only  conventional  methods  are  used  after  acute  respira- 
tory failure  in  patients  with  severe  chronic  pulmonary  disease.  We  have  enlisted 
extrathoracic  negative  pressure  ventilation  (ENPV),  using  an  iron  lung,  to  facili- 
tate the  return  of  spontaneous  breathing  in  such  patients.  PATIENTS  & 
METHODS:  We  report  weaning  trials  with  the  iron  lung  in  19  patients  recovering 
from  acute  ventilatory  failure  secondary  to  COPD  or  serious  thoracic  deforma- 
tions. All  patients  were  intubated  and  initially  ventilated  with  intermittent  posi- 
tive pressure  ventilation.  After  some  unsuccessful  attempts  at  weaning  with  tradi- 
tional methods  (eg,  T-piece,  SIMV,  PSV,  CPAP),  ENPV  was  begun  using  an  iron 
lung.  RESULTS:  17  of  the  19  patients  whose  tubes  were  removed  during  ENPV 
were  successfully  weaned  from  positive  pressure  mechanical  ventilation;  two  pa- 
tients died.  The  17  patients  who  were  liberated  from  mechanical  ventilation  were 
discharged  from  our  ICU  within  a  few  weeks  and,  10  to  15  months  later,  are  still 
living.  CONCLUSIONS:  In  COPD  or  kyphoscoliotic  patients,  noninvasive  ENPV 
can  be  used  successfully  during  weaning  to  support  the  patient's  ventilation  after 
the  tube  has  been  removed,  until  spontaneous  breathing  is  completely  restored. 
The  favorable  results  that  have  been  achieved  in  our  ICU  indicate  that  the  use  of 
the  iron  lung  to  facilitate  weaning  deserves  further  study.  [Respir  Care  1994;39(  1 ): 
21-29.] 


Introduction 

Patients  affected  with  chronic  puhnonary  dis- 
eases experience  episodes  of  acute  respiratory  fail- 
ure (ARF)  that  may  require  tracheal  intubation  and 
positive  pressure  ventilation,  often  of  quite  long  du- 
ration. 
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In  these  patients,  the  aim  of  mechanical  ventila- 
tion is  to  obtain  acceptable  levels  of  arterial  blood 
gases  (although  not  necessarily  normal)'  and  to 
allow  the  reduction  of  the  load  on  inspiratory  mus- 
cles or  their  complete  rest. 

Long-term  ventilatory  support  generally  can  be 
discontinued  only  after  a  progressive  weaning  pro- 
cess in  which  the  patient  gradually  resumes  sponta- 
neous ventilation.  Various  'weaning'  techniques  (eg, 
synchronized  intermittent  mandatory  ventilation,  or 
SIMV;  pressure  support  ventilation,  or  PSV;  continu- 
ous positive  airway  pressure,  or  CPAP; 
T-piece)  have  been  suggested  to  aid  the  progressive 
restoration  of  spontaneous  ventilation,  but  these 
techniques  yield  the  desired  results  in  only  80-90% 
of  the  cases.-"' 
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NEGATIVE  PRESSURE  VENTILATION  IN  WEANING 


Extrathoracic  negative  pressure  ventilation 
(ENPV),  using  an  iron  lung,*  is  a  noninvasive 
method  of  weaning  from  the  ventilator  that  permits 
support  of  the  patient's  ventilation  after  the  tube  has 
been  removed. 


Patients  and  Methods 


Patients 


Between  June  1991  and  August  1992,  84  pa- 
tients, intubated  for  an  episode  of  ARF,  were  treated 
in  our  ICU.  This  study  reports  on  the  19  patients  in 
that  group  who  had  chronic  obstructive  pulmonary 
diseases  (COPD)  or  serious  thoracic  deformations 
and  who  required  tracheal  intubation  and  long-term 
positive  pressure  ventilation.  Some  of  these  19  pa- 
tients had  been  intubated  on  admission  to  our  ICU. 
The  others  came  from  the  General  Critical  Care 
Unit  of  our  hospital,  where  various  attempts  at 
weaning  using  conventional  methods  had  failed. 
The  clinical  features  of  the  patients  are  shown  in 
Table  1 .  The  patients  had  been  mechanically  venti- 


*Suppliers  are  identified  in  the  Product  Sources  section  at  the 
end  of  the  text. 


lated  in  our  ICU  for  a  mean  (SD)  of  13.1  (5.6)  days 
before  ENPV  weaning  began. 

Weaning  Protocol 

The  weaning  process  began  when  the  acute  com- 
plication that  had  induced  the  respiratory  failure 
(eg.  bronchopulmonary  infection,  congestive  heart 
failure)  had  abated,  and  no  nutritional  deficiencies, 
fever,  fluid  overload,  dysrhythmias,  or  impaired 
level  of  consciousness  was  present.  All  patients 
were  clinically  stable  and  these  specific  gas-transfer 
and  acid-base  parameters  was  satisfied:  (1)  PaO:  ^ 
60  torr  [8.0  kPa]  on  Fio,  <  0.50;  (2)  pH  >  7.30  and 
<  7.50;  (3)  PEEP  <  5  cm  H2O  [0.49  kPa];  and  (4) 
respiratory  rate  <  35/min.  Other  weaning  parame- 
ters included  (1)  minute  ventilation  (Vg)  <  10 
L/min;  tidal  volume  (Vj)  >  5  niL/kg  body  weight; 
and  (3)  negative  inspiratory  force  (NIP)  >  30  cm 
H2O  [2.94  kPa].5  All  patients  had  an  endotracheal 
tube  (>  7.0-mm  ID)  in  place  before  weaning  was 
initiated.  The  attempted  liberation  from  mechanical 
ventilation  was  usually  begun  using  SIMV  (low 
IMV  rate)  -1-  PSV,  then  PSV  -(-  CPAP  and/or  T-piece. 
Usually  patients  were  extubated  when  a  PSV  <  10 
cm  H2O  [0.98  kPa]  could  be  tolerated  and  when  2 


Table  1 .    Clinical  Features  of  the  Subjects  in  the  Study  of  Weaning  by  Extrathoracic  Negative  Pressure  Ventilation 


Sex 


Clinical  Diagnosis 


Lengthof  Stay  inlCU 


i 

76 

F 

ARF  in  COPD 

2 

71 

F 

ARF  in  COPD 

3 

68 

F 

ARF  in  COPD 

4 

60 

F 

ARF  in  COPD 

5 

73 

F 

ARF  in  COPD;  fibrothorax 

6 

42 

M 

ARF  after  valve  leplacement  in  COPD 

7 

68 

F 

ARF  in  COPD:  bronchiectasis 

8 

75 

M 

ARF  in  COPD 

9 

85 

F 

ARF  in  COPD 

10 

57 

F 

ARF  in  COPD;  bronchiectasis 

11 

19 

M 

ARF  in  kyphoscoliosis  (Duchenne's  Dystrophy) 

12 

50 

M 

ARF  in  kyphoscoliosis 

13 

84 

M 

ARF  in  COPD;  kypho.scoiiosis 

14 

64 

M 

ARF  in  COPD;  fibrothorax 

\5 

68 

F 

ARF  in  COPD;  fibrothorax;  thoracoplasty 

16 

64 

F 

ARF  in  COPD;  fibrothorax 

17 

72 

M 

ARF,  post-pulmonary  exeresis*  in  COPD 

18 

60 

M 

ARF  in  COPD 

19 

76 

F 

ARF  in  COPD 

43 
31 
2 
28 
21 
41 
15 
11 
20 
30 
26 
28 
51 
19 
14 
13 
55 
24 
22 


♦Exeresis  =  lobectomy. 
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hours  of  spontaneous  breathing  without  inspiratory 
pressure  support  or  CPAP  induced  no  clinically  im- 
portant increase  in  Paco-  After  some  unsuccessful 
attempts,  when  patients  failed  to  sustain  spontaneous 
breathing,  ENPV  was  tried  using  an  iron  lung.  As  a 
consequence  of  failing  various  weaning  trials,  some 
patients  had  undergone  tracheal  intubation  several 
times,  and  every  patient  had  failed  at  least  one  'con- 
ventional' weaning  attempt.  Failure  was  considered 
to  be  the  inability  to  breathe  spontaneously  (or  with 
noninvasive  support.  NIPPY)  for  2  days  without  de- 
veloping acidosis  or  severe  hypoxemia. 

After  being  provided  with  information  about  the 
aim  of  ENPV,  patients  were  placed  inside  the  iron 
lung  with  the  endotracheal  tube  cuff  still  inflated 
(Fig.   1).  Warm  humidified  oxygen  was  supplied 


Fig.  1 .  Iron  lung  CZ800  (Coppa  Co,  Biella,  Italy)  with  the 
patient  placed  inside  the  box  still  intubated. 

through  a  T-tube  placed  at  the  end  of  the  endotra- 
cheal tube.  Once  the  iron  lung  had  been  turned  on 
and  the  working  pressure  determined  (Table  2), 
monitoring  of  ventilation  was  carried  out  by  analy- 
sis of  arterial  blood. 

Table  2.    Typical  Settings  for  Iron  Lung 

Intratank  inspiratory 

negative  pressure 
Intratank  expiratory 

positive  pressure 
Inspiratory  time 
Postinspiratory  pause 
Expiratory  time 
Postexpiratory  pause 
Respiratory  rate 


-30  cm  H2O  <  Pi  <  ^0  cm  H^O 

+20  cm  H2O  <  Pe  <  +30  cm  H2O 

1.0  s 
0.3  s 
1.5  s 
0.5  s 
1 8  cycies/min 


P]  =  inspiratory  pressure;  Pe  =  expiratory  pressure. 


Although  it  is  the  negative  pressure  that  guaran- 
tees ventilation  during  ENPV,  we  also  used  external 
positive  expiratory  pressure  (ie,  a  thoracic  "squeeze") 
to  compress  the  chest  wall  and  facilitate  expiration. 
Indeed,  we  have  shown  in  previous  studies  that  ex- 
ternally applied  expiratory  positive  pressure  further 
improves  alveolar  ventilation  and  CO2  clearance  in 
some  COPD  patients. '"'- 

Blood  samples  were  taken  from  previously  in- 
serted radial  artery  lines.  Use  of  this  technique 
avoided  repeated  arterial  punctures  and  allowed 
measurement  of  the  arterial  blood  pressure.  In 
many  cases,  extra  checks  of  the  effectiveness  of 
alveolar  ventilation  were  made  using  a  respiratory 
mass  spectrometer, '''  according  to  the  techniques  of 
Davies  and  Denison,'^  and  by  placing  transcuta- 
neous electrodes  to  measure  carbon  dioxide 
(Ptcco^)-'^  The  pulse  rate  and  respiratory  rhythm 
were  monitored  with  skin-surface  electrodes  con- 
nected to  a  Kontron  recording  system.  Chest  x-ray 
and  nursing  procedures  could  be  easily  performed 
during  the  periods  when  the  patient  was  out  of  the 
ventilator.  Following  the  first  period  of  ENPV  re- 
sulting in  a  decrease  in  PaC02'  several  ENPV  ses- 
sions were  held,  lasting  2-3  hours  each.  These  were 
interspersed  with  spontaneous  breathing  in  bed, 
using  the  T-piece  or  a  minimum  inspiratory  pressure 
support  (PSV,  10  cm  H2O  [0.98  kPa]). 

Finally,  after  the  patient  had  adapted  satisfactori- 
ly to  ENPV,  we  were  able  to  remove  the  tracheal 
tube.  Extubation  was  performed  while  the  patient 
was  in  the  iron  lung.  Tracheobronchial  secretions 
were  aspirated,  and  then,  during  the  inspiratory 
phase,  the  tube  cuff  was  deflated  and  the  tube  was 
withdrawn. 

If  the  clinical  condition  of  the  patient  remained 
stable  (hemodynamic  status  and  gas  exchange  satis- 
factory) for  2-3  hours  after  the  tube  had  been  re- 
moved, ventilation  with  the  iron  lung  was  inter- 
rupted and  the  patient  put  back  in  bed  and  provided 
with  oxygen  therapy.  Ventilation  if  necessary  was 
provided  with  IPPB  via  mouthpiece  (Bird  Mark  8, 
10  patients)  or  via  nasal  or  face  mask  with  volume 
ventilators  (Bird  8400ST  or  Puritan-Bennett  7200ae, 
4  patients).  The  patient  was  observed  closely  for  24- 
48  hours,  so  that  a  tracheal  tube  could  be  inserted 
rapidly  if  the  patient's  condition  deteriorated. 
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Ventilatory  support  with  the  iron  lung  was  con- 
tinued (at  least  3  sessions  per  day  lasting  2-3  hours) 
for  several  days  and  then  slowly  tapered  off  as  the 
patient's  clinical  condition  improved. 

Summaries  of  Typical  Cases 

Three  case  summaries  provide  additional  man- 
agement information. 

Case  1 — Patient  13.  an  84-year-old  man  in  chronic 
respiratory  failure  from  COPD  with  mild  kyphosco- 
liosis, developed  acute  respiratory  failure  and  con- 
gestive cardiac  failure.  The  patient  was  admitted  to 
our  respiratory  intensive  care  unit  (RICU)  from  a 
geriatric  ward. 

Weaning  was  first  attempted  with  PSV  +  CPAP 
after  8  days  of  intubation;  reintubation  was  neces- 
sary within  24  hours.  During  the  second  weaning  at- 
tempt (36  hours  of  ENPV,  3-hour  sessions  3  times 
each  day  for  4  days  with  PSV  -i-  CPAP  during  the  re- 
maining hours),  the  patient  extubated  himself.  He 
was  subsequently  noninvasively  ventilated  with  the 
iron  lung  for  18  hours  each  day  (a  total  of  260  hours 
of  ENPV  with  iron  lung  after  extubation).  The  ven- 
tilatory support  was  slowly  tapered.  After  5 1  days  in 
the  ICU.  the  patient  was  discharged  on  long-term 
oxygen  therapy. 

Blood  Gas  Values  for  Patient  13 


PaO: 

PaC02 

Clinical 

(torr)  [kPa] 

(torr)  [kPa] 

pH(U) 

Condition 

32  [  4.2] 

68  ]9.0] 

7.33 

Before  intubation 

139118.5] 

37  ]4.9] 

7.63 

Assist/control 
ventilation 

136118.1] 

42  ]5.6] 

7.48 

PSV  +  CPAP 

40]  3.3] 

68  ]9.0] 

7.28 

Before  reintubation 

147(19.6] 

39  15.2] 

7.49 

PSV  +  CPAP 

.%!   7.4] 

60  18.01 

7.37 

Spontaneous 
breathing  after 
self-extubation 

56]   7,4] 

44  1.5.8] 

7.45 

ENPV  with  iron 
lung 

88111.7] 

45  |6.0] 

7.41 

At  discharge, 
spontaneous 
breathing  with 
F,„,,().28 

monary  emphysema  and  fibrothorax.  a  sequela  of 
left  thoracoplasty.  ARF  resulted  from  pulmonary  in- 
fection. She  was  intubated  for  8  days  prior  to  the 
first  attempt  at  weaning  with  PSV,  which  was  con- 
tinued for  6  days.  Weaning  via  iron  lung  was  begun 
(20  hours  of  ENPV  before  extubation)  and  contin- 
ued (37  hours  of  ENPV  after  extubation).  She  was 
discharged  on  long-term  oxygen  therapy  and  inter- 
mittent positive  pressure  breathing  (IPPB)  via 
mouthpiece. 

Blood  Gas  Values  for  Patient  16 


PaO: 

PaCO: 

Clinical 

(torr)  ]kPa] 

(torr)  IkPa] 

pH(U) 

Condition 

62  1  8.2] 

90112.0] 

7.29 

Before  intubation, 
out  of  our  RICU 

45  I  6.0] 

54  [   7.2] 

7.43 

After  intubation, 
on  admission  to 
RICU  (manual 
ventilation  with 
self-intlating  bag) 

154  120.5] 

51  1  6.8] 

7.46 

After  intubation,  in 
RICU  (PSV +20 
cmH:0) 

152  120.2] 

70  [  9.3] 

7.35 

PSV  (+25  cm  H2O, 
4  days  after 
intubation) 

85  111.3] 

44  [  5.8] 

7.46 

PSV  (+5  cm  H:0, 
8  days  after 
intubation) 

90  [12.0] 

35  1  4.6] 

7.53 

ENPV  with  iron 
lung,  patient  still 
intubated 

203  [27.0] 

37  1  4.9] 

7.59 

ENPV  with  iron 
lung,  after  extu- 
bation (Fio,  0.40) 

39  1  5.2] 

68  1  9.0] 

7.34 

Spontaneous 
breathing  (8  days 
after  extubation)* 

125  116.6] 

43  1   5.7] 

7.42 

At  discharge,  spon- 
taneous breathing 

(F,O;0.31) 

Case  2 — Patient  16  was  a  64-year-old  woman  in 
chronic  respiratory  failure  as  a  consequence  of  pul- 


*Second  day  after  withdrawal  of  the  ventilatory  support  with  iron  lung. 
ENPV  was  begun  again;  the  patient  underwent  50  additional  hours  of 
ENPV  with  iron  lung. 

Case  3 — Patient  12  was  a  50-year-old  man  in 
chronic  respiratory  failure  with  kyphoscoliosis  and 
chronic  cor  pulmonale.  He  suffered  ARF  and  con- 
gestive cardiac  failure.  Weaning  was  first  attempted 
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with  PSV  and  then  with  CPAP  (+5  cm  H2O  [0.49 
kPa]).  He  was  intubated  for  24  days.  He  was  sup- 
poiled  with  ENPV  by  iron  lung  for  18  hours  before 
extubation  and  45  hours  after  extubation  (12  hours 
the  first  day,  3  hours  3  times  each  day  for  3  days, 
then  slowly  tapered  off).  The  patient  was  discharged 
with  NIPPY  (nasal  intermittent  positive  pressure 
ventilation  with  volume-cycled  ventilator)  and 
long-term  oxygen  therapy. 

Blood  Gas  Values  for  Patient  12 


PaO: 

PaCO: 

Clinical 

(torr)  [kPa] 

(torr)  [kPa] 

pH(U) 

Condition 

36  [4.8] 

137(18.2] 

7.15 

Before  intubation 

123  [16.4] 

45  [6.0] 

7.50 

Assist/control  ve- 
tilation  ( 1  st  day 
of  intubation) 

74  [9.8] 

69  [9.2] 

7.36 

PSV  (+25  cm  H2O, 
8th  day  of  intu- 
bation) 

53  [7.0] 

72  [9.6] 

7.31 

CPAP  (12th  day 
of  intubation) 

124  [16.5] 

57  [7.6] 

7.40 

PSV  (+25  cm  H2O, 
17th  day  of 
intubation) 

72  [9.6] 

35  [4.6] 

7.43 

ENPV  with  iron 
lung  (patient  still 
intubated,  20th 
day  of  intubation) 

58  [7.7] 

40  [5.3] 

7.36 

ENPV  with  iron 
lung  (patient  ex- 
tubated,  1  st  day 
of  extubation) 

71  [9.4] 

45  [6.0] 

7.41 

At  discharge,  spon- 
taneous breathing 
with  Fio:  0.28 

Results 

Of  the  19  patients  whose  tubes  were  removed 
while  they  were  in  the  iron  lung.  17  were  success- 
fully weaned  from  positive  pressure  mechanical 
ventilation.  None  of  the  patients  of  this  group  re- 
quired a  tracheostomy  tube.  Table  3  supplies  the 
number  of  hours  of  ENPV  necessary  for  each  pa- 
tient and  the  arterial  blood  gas  values  on  admission 
and  discharge  from  the  ICU. 

Five  patients  were  reintubated  within  2  days  be- 
cause of  the  recurrence  of  ARF.  Two  of  these  pa- 
tients died  (Patients  3  and  8,  in  Table  3)  but  the 
other  3  successfully  underwent  a  second  trial  of 


weaning.  Patient  3  died  because  of  ventricular  tachy- 
cardia and  cardiac  arrest.  Patient  8  developed  noso- 
comial pneumonia  and  died  within  4  days  after  rein- 
tubation. 

The  17  patients  who  were  successfully  weaned 
from  mechanical  ventilation  were  discharged  within 
a  few  weeks  and,  10  to  15  months  later,  are  still  liv- 
ing, although  some  of  them  still  require  some  nonin- 
vasive ventilatory  support  at  home  (eg.  Bird  IVIark 
8,  Poncho,  Puritan-Bennett  Companion  2801). 

Discussion 

The  term  weaning  in  the  context  of  mechanical 
ventilation  refers  to  all  those  methods  that  help  to 
detach  the  patient  from  assisted  ventilation  and 
allow  him  to  breathe  once  again  spontaneously.  The 
simplicity  of  this  definition  masks  a  vast  and  com- 
plex field  of  applications  for  which  it  is  difficult  to 
formulate  general  rules  of  practice,  given  the  variety 
of  pathologic  conditions  that  require  ventilatory 
support  and  the  diversity  of  methods  of  treatment 
during  its  discontinuation.  Indeed,  the  clinical  reali- 
ty is  that  weaning  remains  both  "art  and  science,"  as 
Milic-Emili  has  written.'* 

Any  attempt  at  schematizing  this  process  of  dis- 
continuation presents  a  number  of  problems  related 
to  the  underlying  pulmonary  disease  and  the  dura- 
tion of  weaning.  The  problems  in  the  treatment  of 
patients  undergoing  mechanical  ventilation  are 
complex.  Withdrawal  is  often  complicated  by  epi- 
sodes of  infection  or  nutritional  problems,  prolong- 
ing the  weaning  and  making  it  difficult  or  occasion- 
ally impossible. '^'^ 

Long-term  mechanical  ventilation  in  the  inten- 
sive care  environment  may  prove  necessary  for  the 
treatment  of  various  pathologic  conditions,  the  most 
important  of  which  are  the  exacerbations  of  COPD 
or  adult  respiratory  distress  syndrome,  which  affects 
lungs  that  were  previously  normal. 

On  the  other  hand,  a  prolonged  dependency  on 
mechanical  ventilation  is  frequently  due  to  neuro- 
muscular diseases  that  may  cause  severe  and  persis- 
tent ventilatory  failure.  Even  if  the  number  of  pa- 
tients suffering  from  these  diseases  is  numerically 
small,  their  'weight,"  in  operational  and  financial 
terms  is  felt  by  the  hospital  because  of  the  resources 
consumed.'''-'  IVIoreover,  organizational  and  eco- 
nomic problems  arise  as  a  consequence  of  an  exces- 
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Table  3.    Clinical  Data  for  19  Patients  Weaned  with  Extiathoracic  Negative  Pressure  Ventilation 


On  Admission  to  ICU 

At  Discharge  from  ICU 

Length  of  Intubation 

Length  of  ENPV 

Patient 

PaCO:  (toiT)  [kPa] 

PaCO:  (torr)  [kPa] 

(days) 

(hours) 

I 

63  [  8.4] 

55[7.3| 

21 

311 

2 

54  [  7.2] 

43  [5.71 

8 

30 

3* 

45  [  6.0]t 

70  [9.3]* 

12 

36 

4 

102  [13.7] 

53  [7.0] 

28 

130 

5 

17  [  2.3]t 

37  [4.9] 

11 

34 

6 

67.5  [  9.0] 

36  [4.8] 

13 

148 

7 

100  [13.3] 

42  [5.6] 

10 

74 

8* 

60  [  8.0] 

31  [4.1] 

15 

120 

9 

43  [  5.7]^ 

49  [6.5] 

8 

75 

10 

35  [  4.6]  t 

39  [5.2] 

13 

80 

11 

21  [  2.8]t 

51  [6.8] 

14 

110 

12 

137  [18.2] 

45  [6.0] 

24 

63 

13 

68  [  9.0] 

45  [6.0] 

12 

296 

14 

56  [  7.4] 

60  [8.0] 

7 

64 

15 

98  [13.0] 

56  [7.4] 

9 

66 

16 

54  [  7.2] 

43  [5.7] 

8 

57 

17 

104  [13.8] 

54  [7.2] 

10 

100 

18 

113  [15.0] 

45  [6.0] 

12 

38 

19 

65  [  8.6] 

51  [5.2] 

15 

28 

*Patient  died. 

t  Analysis  of  arterial  blood  gases  carried  out  during 

artificial  ventilation. 

sive  work  load  for  the  medical  and  nursing  staff  car- 
ing for  the  patient  and  of  a  longer  stay  in  hospital. -- 

Mechanical  ventilation  in  these  cases  is  main- 
tained for  periods  of  time  greater  than  72  hours  and 
the  weaning  process  is  usually  long  and  difficult, 
often  requiring  repeated  trials.  Further,  it  may  be 
observed  that  the  survival  and  life  expectancy  of 
this  group  of  patients  ranges  widely,  from  40-90% 
on  discharge  from  hospital  and  from  30-75%  after  1 
year  of  follow-up.'''--  -^ 

With  regard  to  patients  affected  by  an  exacerba- 
tion of  COPD,  the  results  are  also  equally  variable. 
In  the  group  studied  by  Gillespie  et  al,-''  ventilated 
for  an  average  of  23  days,  the  mortality  rate  was 
25.9%.  The  1986  review  by  Gritti  and  colleagues-'' 
reported  that  33  patients  who  required  mechanical 
ventilation  for  more  than  24  hours  were  ventilated 
for  an  average  of  12  days  and  sustained  a  hospital 
mortality  rate  of  6%<  and  survival  24  months  later  of 
63%.-^ 

The  approach  to  respiratory  weaning  is  certainly 
complex  for  these  patients  because  it  cannot  be  im- 
plemented without  carrying  out  an  accurate  analysis 
of  the  basic  disease  of  the  lungs  and  its  phys- 
iopathologic  implications  and  an  examination  of  the 


patient's  general  state  of  health,  which  may  be  seri- 
ously affected  by  the  illness  and  long  stay  in  hospi- 
tal. Thus,  it  is  necessary  that  all  those  factors  that 
might  adversely  affect  ventilatory  status  (such  as 
depressed  level  of  consciousness,  the  presence  of 
infections,  disorders  in  cardiac  rhythm,  pain,  poor 
nutritional  state,  and  fluid-electrolyte  imbalance)  be 
corrected.-  '^'**  Despite  this,  the  discontinuation  of 
mechanical  ventilation  remains  extremely  difficult 
using  the  conventional  methods. 

Our  ICU  treats  only  patients  who  suffer  from  un- 
derlying chronic  conditions  that  affect  respiratory 
function  and  who  require  prolonged  mechanical 
ventilation — conditions  that  magnify  the  problems 
of  weaning.  Our  cases  show  that  ENPV  can  be  suc- 
cessfully used  to  aid  weaning  from  positive  pressure 
ventilation  in  many  cases. 

The  CZ800  iron  lung  used  in  our  ICU,  like  the 
prototype  of  such  inachines  (the  Drinker  iron  lung), 
is  a  large  box  that  envelops  the  patient's  body  ex- 
cept for  the  head,  which  remains  out  of  the  tank 
(Fig.  1).'" 

The  principle  of  the  iron  lung  is  not  very  different 
from  that  of  the  Starling  pump,  used  by  physiolo- 
gists: A  large  piston  or  bellows,  driven  by  a  power- 
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ful  engine,  produces  oscillating  pressures  inside  the 
box,  replicating  a  sinusoidal  rhythm.  In  the  CZ800 
model,  the  pumping  mechanism  incorporates  both  a 
piston  and  cylinder,  so  that  performance  can  be 
steady  and  wear  and  tear  can  be  avoided.  The  pres- 
sure is  maintained  by  a  silicone  rubber  seal. 

High  levels  of  intratank  positive  and  negative 
pressure  can  be  reached  with  this  model;  inspiratory 
and  expiratory  periods  can  be  lengthened  and  regu- 
lated independently  of  one  another  (range  0.8-9.9 
s).  The  iron  lung  also  has  slots  for  catheters  and  for 
phleboclysis  lines  and  is  equipped  with  an  electric 
locking  system  for  the  cover,  to  guarantee  adequate 
sealing.  In  emergency  situations,  it  is  still  possible 
to  open  and  close  the  cover  manually.  Unlike  other 
models,  pauses  are  due  to  the  switching  off  of  the 
engine  at  the  end  of  each  ventilatory  phase  (range 
0.3-1.9  s).  Intratank  pressures  (range  ±  80  cm  H2O 
[7.8  kPa])  and  length  of  inspiration  and  expiration 
can  be  monitored  from  displays  on  the  control 
panel.  Pauses  at  the  end  of  inspiration  and  expira- 
tion are  directly  controlled  by  the  operator,  using 
switches  for  fractions  of  a  second.  The  respiratory 
rate  (obtained  indirectly  by  adjustment  of  length  of 
inspiration,  expiration,  and  pause  time)  is  shown  in 
the  center  of  the  panel.''  ENPV  can  be  adopted  for 
patients  with  chronic  cor  pulmonale  secondary  to 
restrictive  or  obstructive  lung  diseases,  although  it 
is  certainly  more  efficient  when  clinical  and  hemo- 
dynamic conditions  are  stable.'--*"^' 

Of  all  the  techniques  of  ventilatory  support  avail- 
able, we  believe  that  ENPV  most  closely  simulates 
spontaneous  ventilation.  Indeed,  hemodynamic  de- 
pression should  not  be  a  problem  in  the  normo-  or 
hypovolemic  subject  because  the  intrathoracic  pres- 
sure decreases  during  the  inspiratory  phase. ^-  Be- 
cause airway  pressure  is  maintained  essentially  un- 
changed, barotrauma  should  not  occur  any  more  fre- 
quently than  during  spontaneous  breathing.-^- 

ENPV  with  the  iron  lung  pemiits  a  noninvasive 
yet  efficacious  support  of  the  ventilatory  pump.  It 
can  be  used  for  many  hours  each  day,  and  in  our 
hands  it  is  the  most  efficacious  noninvasive  device 
for  artificial  ventilation  in  COPD  or  kyphoscoliotic 
patients  with  chronic  respiratory  insufficiency.'" 
The  great  advantage  is  that  ventilation  can  be  effec- 
tively supported  many  hours  per  day  and  bronchial 
secretions  easily  suctioned  blindly  or  by  broncho- 


scopy during  ENPV;  yet  the  patient  can  breathe 
spontaneously  and  be  fed  normally  when  he  is  in  the 
bed.  We  have  found  ENPV  to  be  more  efficacious 
than  NIPPV  for  supporting  the  weak  ventilatory 
pump,  particularly  in  patients  with  large  amounts  of 
bronchial  secretions. 

One  of  the  greatest  disadvantages  of  this  method 
of  ventilation  (given  the  body  position)  is  the  total 
absence  of  airway  protection.  Some  patients  may 
inhale  gastric  contents  and  develop  upper  airway 
obstruction.  However,  the  risk  can  be  minimized  by 
close  observation  of  the  patient  and  by  suctioning 
tracheobronchial  secretions  when  required,  in  the 
first  few  hours  after  extubation.  In  our  series,  none 
of  the  patients  inhaled  gastric  contents  or  developed 
clinically  detectable  upper-airway  occlusion  during 
ENPV  mode. 

Another  disadvantage  is  the  necessity  for  patients 
to  lie  on  their  backs  inside  the  tank  for  long  periods 
of  time.  Moreover,  it  is  impossible  to  check  minute 
ventilation  with  direct  methods  so  that  the  medical 
and  nursing  staff  have  to  control  the  patient  careful- 
ly (ABG,  capnography,  transcutaneous  gas  monitor- 
ing), in  order  to  correct  immediately  any  potential 
hypoventilation. 

Nursing  care  is  not  a  problem  in  these  stable  pa- 
tients during  weaning  because  the  subjects  can  be 
tranquilly  prepared  (insertion  of  catheters  and  set- 
ting of  monitors)  before  ENPV,  and  daily  care  (eg, 
feeding  and  chest  x-ray)  can  be  performed  between 
the  ENPV  sessions  when  the  patient  is  in  bed. 


In  Conclusion 

As  other  authors  have  noted,^'  ENPV  can  be  a 
useful  method  of  weaning  for  many  cases  of  acute 
respiratory  failure  in  patients  with  chronic  respirato- 
ry insufficiency.  Nevertheless,  it  requires  detailed 
awareness  of  the  pathophysiologic  and  clinical 
problems  of  the  patients  and  a  medical  and  nursing 
staff  well  trained  in  the  use  of  various  devices  for 
artificial  ventilation.  Further  controlled  studies  are 
needed  to  confirm  our  clinical  experience,  to  estab- 
lish efficacy  for  weaning  from  prolonged  mechani- 
cal ventilation,  and  to  compare  this  method  with 
other  noninvasive  ventilatory  support  methods  (ie, 
NIPPV). 
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PRODUCT  SOURCES 

Ventilator: 

Extrathoracic  negative  pressure  ventilator  (iron  lung) 
Model  CZ800.  Coppa  Co.  Biella,  Italy 

Arterial  Catheter: 

Insyte  20G.  Becton-Dickinson  Vascular  Access  Inc.  Sandy 
UT 

Mass  Spectrometer: 

Centronic  200  MGA,  Medical  Gas  Analyzer.  TC  Centronic 
Ltd.  New  Addington.  Croydon,  U.K. 

Cardiorespiratory  Monitor: 

Kontron  System.  Kontron  Instruments  Inc.  Everett  MA 
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Respiratory  Care  Practitioners  as  Secondary  Providers  of 
Endotracheal  Intubation:  One  Hospital's  Experience 

Emily  L  Zyla  BS  RRT  and  Jeff  Carlson  RRT 


BACKGROUND:  The  management  staff  of  the  Respiratory  Care  Department  at 
the  suggestion  of  the  Department  of  Anesthesiology  determined  that  there  was  a 
need  for  respiratory  care  practitioners  (RCPs)  to  be  trained  to  perform  endotra- 
cheal intubation.  This  need  was  demonstrated  by  the  frequency  with  which  anesthe- 
sia personnel  were  called  away  from  the  operating  room  (OR)  to  perform  endotra- 
cheal intubations  in  other  hospital  areas.  METHODS:  The  training  program  in- 
cluded didactic  instruction  followed  by  written  examination,  simulations,  and 
intubation  experience  in  the  OR  under  the  direct  supervision  of  a  staff  anesthesiolo- 
gist. RESULTS:  Initially  15  therapists,  from  all  shifts  were  trained.  Currently, 
there  are  20  fully-trained  RCPs  on  staff.  These  therapists  have  successfully  intubat- 
ed 160  patients  in  178  attempts  over  a  49  month  period.  All  attempts  followed  failed 
attempts  by  other  professionals.  No  major  complications  were  observed  in  the  pa- 
tients intubated  by  RCPs.  DISCUSSION:  This  training  program  has  successfully 
provided  support  for  endotracheal  intubation  procedures,  sparing  the  anesthesiolo- 
gy staff  and  expanding  the  role  of  RCPs  in  our  hospital.  [Respir  Care  1994:39(  1  ):30- 
33.1 


Background 

It  is  common  practice  in  the  hospital  setting  to 
perform  endotracheal  intubation  (ETI)  on  an  emer- 
gency or  elective  basis  for  the  purpose  of  ventila- 
tory assistance,  high  flow  oxygen  administration, 
bronchial  hygiene,  or  airway  protection.'  Most 
schools  of  respiratory  care  include  instruction  in 
ETI  in  their  curricula.  Some  programs  include  clini- 
cal rotations  through  the  operating  room  (OR)  that 
allow  students  to  perform  intubations.  It  has  been 
shown  that  professionals  whose  ETI  training  in- 
cludes supervised  intubation  practice  in  the  operat- 
ing room  have  increased  intubation  success.-^ 
Although  respiratory  care  students  are  taught  the 
technique,  respiratory  care  practitioners  (RCPs)  are 
not  often  called  upon  to  perform  intubations  in  a 
hospital  setting.  Because  Butterworth  Hospital  is  a 
teaching  institution,  residents,  interns,  and  anesthe- 
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siologists  remain  in  the  hospital  24  hours/day  and 
are  the  primary  ETI  providers  in  the  intensive  care 
units,  emergency  room,  and  on  nonacute  hospital 
units.  During  an  airway  emergency,  RCPs  are  pri- 
marily responsible  for  ventilating  the  patient  with  a 
resuscitation  bag  and  mask  and  assisting  the  physi- 
cian with  ETI.  RCPs  then  secure  the  airway  and 
continue  ventilation. 

The  chief  resident  is  responsible  for  ETI  but  fre- 
quently may  defer  this  responsibility  to  an  intern. 
The  RCP-assistant  may  provide  coaching  in  ETI 
technique  during  the  procedure.  If  the  intern's  at- 
tempt is  not  successful,  the  resident  in  attendance 
may  then  attempt  to  intubate  the  patient.  Prior  to  the 
institution  of  the  RCP  support  program,  if  this  at- 
tempt was  also  unsuccessful,  an  anesthesiologist 
was  called  to  perform  the  procedure.  It  is  reasonable 
to  note  that  some  time  would  have  passed  between 
the  first  recognition  of  the  patient's  need  for  ETI 
and  this  call  for  anesthesia  assistance.  Therefore, 
the  response  of  the  anesthesia  staff  would  need  to  be 
immediate — by  this  time,  a  'drop-and-run'  emer- 
gency. 
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The  anesthesiology  staff  was  concerned  over  the 
frequency  with  which  they  were  interrupted  for 
emergency  ETIs  and  the  fact  that  they  were  often 
unable  to  respond  immediately  because  of  the  status 
of  concomitant  surgical  procedures.  Because  ETI  is 
within  the  scope  of  RCPs"  basic  education  and  be- 
cause several  studies- ''  show  that  allied  health  pro- 
fessionals after  proper  training  have  good  success 
with  the  procedure,  the  program  that  we  describe 
was  begun.  The  Department  of  Respiratory  Care 
agreed  to  initiate  a  p^-ogram  to  train  registered  res- 
piratory therapists  to  perform  ETI.  It  was  planned 
that  the  RCP  would  attempt  intubation  when  the 
resident  had  been  unsuccessful,  and  before  the  anes- 
thesiologist was  called.  We  projected  that  this 
program  would  ( 1 )  provide  competent  ETI  support 
for  the  medical  staff,  (2)  eliminate  delays  in  re- 
sponse for  backup  for  this  procedure,  and  (3)  reduce 
the  frequency  with  which  surgical  procedures  are 
disrupted. 


Once  training  was  complete,  the  RCP  was  al- 
lowed by  the  hospital  to  perform  endotracheal  intu- 
bations according  to  the  Department  of  Respiratory 
Care's  policy  and  procedure.  RCPs  were  required 

•  to  obtain  a  verbal  or  written  physician's  order 
for  ETI; 

•  to  visualize  the  vocal  cords  before  placing  the 
endotracheal  tube: 

•  to  auscultate  the  chest  and  epigastrium  to  veri- 
fy proper  tube  placement; 

•  to  measure  end-tidal  CO2  if  placement  remains 
questionable;^ 

•  to  verify  tube  placement  on  chest  radiograph; 
and 

•  to  document  the  procedure  in  the  patient's 
medical  record  including  the  date,  time,  pa- 
tient assessment,  route,  placement,  technique 
and  breath  sounds,  adverse  effects,  complica- 
tions, and  chest  x-ray  results  after  ETI. 


Methods 

Our  program  began  with  a  core  group  of  15 
NBRC-registered  RCPs  who  first  completed  the  di- 
dactic portion  of  the  training  program  and  passed  an 
examination  covering  the  anatomy,  hazards,  indica- 
tions, medications,  complications,  and  contraindica- 
tions of  oral  and  nasal  intubations.  RCPs  were  re- 
quired to  demonstrate  proper  technique  for  oral  and 
nasal  ETI  using  an  intubation  mannequin. 

The  final  phase  of  training  consisted  of  perform- 
ing intubation  on  anesthetized  patients  in  the  OR 
under  the  direct  supervision  and  tutelage  of  an  anes- 
thesiologist. Twelve  anesthesiologists  agreed  to  par- 
ticipate in  this  phase  of  training.  Each  RCP  spent 
several  days  in  the  OR  where  they  were  quizzed  on 
anatomy  and  ETI  technique  and  equipment.  As 
soon  as  RCPs  had  demonstrated  cognitive  compe- 
tence (a  subjective  assessment  by  the  anesthesiolo- 
gist), they  were  permitted  to  intubate  anesthetized 
patients. 

After  the  performance  of  15  successful  intuba- 
tions the  RCPs  were  certified  by  the  anesthesiolo- 
gist. Their  competence  was  attested  to  by  the 
Director  of  the  Department  of  Anesthesiology,  the 
Director  of  Respiratory  Care  and  the  Medical 
Director  of  the  Department  of  Respiratory  Care. 


The  form  shown  in  Figure  1  was  used  both  for  med- 
ical record  documentation  and  department  quality 


Patienl  Name:  . 


Service/Area:  Surgical  /  Medical  /  Neo/Peds  /  ER  / 

Number  of  prior  aRempts:   

If  You  Were  Nol  Successful: 

Who  Incubaled*  


Therapisi  Name: 


Why  were  you  Unsuccessful? 


Roule  Patient  was  Intubated:  oral  /  nasal  /  trach  / 
If  You  Were  Successful: 


s  of  your  intubalioi 


Cuff  Damage 

Bleedmg 

Aspiration 


Esophageal 

Chipped/Loosened  Teeth 
Mainslem  placement 
Other 


ETCO;  Monitored:  Yes  /  No 
Sedation  /  Anesthesia  Used: 
Comments: 


Chest  X-Ray  Obtained    Yes  /  No 


Fig.  1.  Documentation  required  for  each  intubation. 
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assurance  records.  Data  for  this  report  were  taken 
from  these  forms. 

Results 

Summary  data  are  available  for  a  49-month  peri- 
od following  implementation  of  the  respiratory  care 
ETI  program.  Twenty-five  therapists  have  complet- 
ed the  program  and  20  remain  on  staff.  An  ETI-cer- 
tified  RCP  is  on  duty  at  all  times.  During  the  study 
period,  these  RCPs  attempted  178  ETls  and  suc- 
cessfully completed  160  (909^).  Although  data  are 
not  available  regarding  the  reduction  in  the  frequen- 
cy of  anesthesia  calls  for  ETI,  we  do  report  these  for 
which  they  were  not  required  (160  over  4  years). 

From  the  medical  record,  we  determined  the  dis- 
tribution of  the  causes  of  the  18  failures — these  data 
are  presented  in  Table  1 .  An  assessment  of  compli- 
cations of  ETI  revealed  that  there  were  3  esophageal 
placements,  all  of  which  were  immediately  identi- 
fied by  the  therapist  and  corrected.  There  were  no 
instances  of  hemorrhage,  documented  tissue  dam- 
age, a.spiration,  subcutaneous  emphysema,  or  tooth 
damage.  Documentation  of  tube  placement  was 
consistently  provided  as  required  by  policy. 

Table  I.    Distribution  of  Unsuccessful  Intubations  by  RCPs 

Reason  n 

Improper  technique  8 

Inadequate  visualization  7* 

Patient  combative  3 


*Of  these,  3  required  emergency  tracheostomy. 


Discussion 

Though  endotracheal  intubation  is  theoretically 
within  the  scope  of  respiratory  care  services,  little 
has  been  published  documenting  the  existence  and 
success  of  RCP  intubation  programs.  The  Emer- 
gency Medical  Technicians'  success  rate,  as  docu- 
mented by  the  University  of  Pittsburg  School  of 
Medicine,  has  been  found  to  be  90%  overall.-  Ohio 
State  University  showed  similar  results  for  rescue 
.squad  personnel — 90%  success.'  Children's  Hos- 
pital of  Wisconsin  documented  78%  success  in  pe- 
diatric ETls  by  paramedics. ■*  RCPs  from  Duke 
University  Medical  Center  claim  94.9%  success  for 


ETls.**  In  all  these  studies,  the  percent  of  ETls  suc- 
cessfully completed  are  first-attempt  procedures. 
The  proportion  of  successful  ETls  on  2  or  more  at- 
tempts is  somewhat  less.  In  a  study  done  at  the 
University  of  Pittsburg  School  of  Medicine  and  the 
Center  for  Emergency  Medicine,  University  Health 
Center  of  Pittsburg,  the  percentage  of  successful 
ETls  on  the  third  attempt  drops  to  5.5%  and  on  the 
fourth  to  less  than  1%.- 

In  our  institution,  RCPs  serve  as  backup  to  the 
physician  and  usually  are  asked  to  attempt  ETI  only 
after  the  physician  has  been  unsuccessful.  Approx- 
imately 50%  of  the  intubations  by  RCPs  followed  at 
least  2  unsuccessful  attempts.  Our  RCPs  were  un- 
successful in  18  attempts  at  ETI  (Table  1).  Of  these, 
8  RCP  failures  were  due  to  improper  technique,  in- 
cluding improper  use  of  the  laryngoscope  or  im- 
proper head  position.  Intubation  by  another  thera- 
pist or  a  physician  was  subsequently  successful.  In  7 
patients,  the  vocal  cords  could  not  be  visualized.  An 
anesthesiologist  successfully  placed  3  of  these,  I 
was  done  by  a  surgery  Fellow,  and  3  patients  re- 
quired emergency  tracheostomy.  Three  patients  who 
were  disoriented  and  combative  required  sedation 
or  paralysis.  Once  the  patients  were  quiet  they  were 
successfully  intubated. 

Some  of  the  complications  that  occur  with  endo- 
tracheal intubation  include  esophageal  intubation, 
aspiration  of  gastric  contents,  right  main-bronchus 
intubation,  airway  injury,  nose  bleeds,  and  loosened 
or  broken  teeth.'^"  We  experienced  no  serious  com- 
plications— the  3  esophageal  intubations  were  rec- 
ognized immediately  by  the  RCPs  who  successfully 
placed  the  endotracheal  tube  on  the  next  attempt. 

In  view  of  these  data,  the  overall  success  of  our 
RCP  program  (90%)  is  remarkable.  It  is  even  more 
so  when  one  considers  the  low  frequency  of  compli- 
cations and  enor.  Our  RCP  program  has  evolved 
from  its  initial  inception.  We  continue  to  use  a  study 
packet  and  written  exam.  We  provide  instruction  in 
technical  skills,  and  RCPs  must  demonstrate  proper 
technique  on  the  intubation  mannequin.  Ba.sed  on 
the  judgment  of  the  Department  of  Anesthesiology, 
the  OR  rotation  now  requires  only  12  successful  in- 
tubations. RCPs  are  required  to  take  the  written 
exam  every  year.  If  the  practitioner  has  been  unable 
to  demonstrate  competence  by  performing  15  intu- 
bations in  2  years,  he/she  is  further  required  to 
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demonstrate  ETI  techniques  on  the  intubation  man- 
nequin while  being  observed  by  the  Respiratory 
Care  Department's  Medical  Director.  Rotations  in 
the  OR  with  an  anesthesiologist  are  arranged  when 
requested  either  by  the  individual  RCP  or  by  the 
Medical  Director. 

Clinical  competence  can  be  difficult  to  maintain 
because  the  opportunities  for  ETI  vary  markedly  by 
shift.  Several  day-shift  RCPs  completed  fewer  than 
2  ETIs  in  4  years,  whereas  a  single  RCP  who  works 
the  night  shift  completed  40  in  2  years.  Overall,  9 
RCPs  had  no  opportunities  for  ETI,  4  had  1-3,  and 
1 2  intubated  4  or  more  times. 

The  program  has  been  well  received  and  strongly 
supported  by  the  Department  of  Anesthesiology. 
They  assist  us  in  training  a  new  class  of  RCPs  ap- 
proximately every  other  year. 

Conclusion 

The  initial  goals  of  the  RCP  intubation  training 
program  have  been  realized  in  the  years  since  its 
implementation.  It  provides  competent  ETI  support 
for  the  medical  staff,  eliminates  delays  in  response 
to  the  need  for  backup  for  this  procedure  thereby 
improving  patient  outcome,-  and  reduces  the  num- 
ber of  times  an  anesthesiologist's  presence  is  re- 
quired, reducing  the  frequency  with  which  surgical 
procedures  are  disrupted.  In  addition,  the  role  of  the 
RCP  is  expanded,  improving  job  satisfaction,  and 
the  perception  of  the  RCP  by  other  professionals, 
and  therefore  our  professional  standing,  is  elevated. 


Endotracheal  intubation  support  by  respiratory  care 
professionals  continues  at  Butterworth  Hospital. 
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Introduction 

Research  and  publication  are  among  tiie  impor- 
tant contributions  that  professionals  make  to  their 
discipline.  Information  from  primary  studies  builds 
the  knowledge  of  disciplines — each  bit,  a  contribu- 
tion by  the  researchers.  However,  as  information  on 
a  given  topic  accumulates,  it  sometimes  generates 
confusion.  One  source  of  confusion  is  the  magni- 
tude of  information  distributed  among  numerous 
journals  and  over  time.  Another  source  is  contradic- 
tory results  from  separate  studies  on  the  same  ques- 
tion. The  confusion  resulting  from  abundant,  dis- 
persed, and  disparate  information  can  sometimes  be 
cleared  by  merging  data  from  separate  studies  into 
composites.  These  composites  are  known  as  over- 
views, literature  reviews,  and  research  syntheses. 


Dr  Jones  is  Assistant  Professor,  Respiratory  Care  Department, 
University  of  Texas  Medical  Branch  at  Galveston,  Galveston. 
Texas. 

Direct  correspondence  to:  Arthur  Jones  HdD  RRT,  Respiratory 
Care  Department,  UTMB  at  Galveston,  lllh  and  Mechanic 
Streets,  Galveston  TX  77555-1028. 


This  article  is  about  research  synthesis  and  focus- 
es on  meta-analysis  (MA),  a  type  of  quantitative 
synthesis.  Glass.'  who  first  proposed  the  term  in 
1976,  defined  MA  as  "the  attitude  of  data  analysis 
applied  to  quantitative  summaries  of  original  stud- 
ies." Sacks  et  al-  state  that  MA  ".  .  .  is  defined  as  the 
quantitative  analysis  of  two  or  more  independent 
studies  to  integrate  the  findings  and  describe  fea- 
tures of  the  studies  that  contribute  to  variation  in 
their  results."  Essentially,  MA  combines  statistical 
results  from  similar  studies  on  the  same  question 
into  "master  results."  The  purpose  of  this  paper  is 
to  describe  the  types  of  research  synthesis,  explain 
the  rationale  for  MA,  and  to  describe  MA  methodol- 
ogy and  publication  procedures.  Because  .some  of 
the  terms  used  in  this  paper  may  be  unfamiliar,  a 
glossary  is  provided  to  assist  the  reader  (Appendix 
1 ).  This  is  not  a  seminal  work  on  MA;  it  is  an  intro- 
duction. 

Although  MA  inethodology  originated  in  the  so- 
cial sciences,  one  can  find  research  on  MA  and  ap- 
plications of  MA  methodology  in  the  literature  of 
various  disciplines.  The  references  for  this  paper  in- 
clude journals  of  epidemiology,  social  sciences, 
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medicine,  nursing,  and  education.  As  specific  meth- 
ods for  primary  studies  vary  among  disciplines,  so 
can  MA  methods.  Regardless  of  the  approach,  some 
basic  information  must  be  included  in  any  valid 
meta-analysis.  Table  1  is  a  summary  of  the  Oxman 
and  Guyatt  Overview  Quality  Assessment  Ques- 
tionnaire— a  validated  research-quality  assessment 
instrument  for  use  in  MA.'  ^  The  content  of  Table  1 
will  be  discussed  and  expanded  throughout  this  arti- 
cle using  a  generalist's  approach  to  the  subject  of 
meta-analysis. 

Table  1 .    What  To  Look  for  in  a  Meta-Analysis' '' 

Were  the  search  methods  reported? 

Was  the  search  comprehensive? 

Were  the  inclusion  criteria  reported? 

Was  selection  bias  avoided? 

Were  the  validity  criteria  reported? 

Was  validity  assessed  appropriately? 

Were  the  methods  used  to  combine  studies  reported? 

Were  the  conclusions  supported  by  the  reported  data? 

What  was  the  overall  scientific  quality  of  the  overview? 

Qualitative  versus  Quantitative 
Research  Synthesis 

Research  synthesis  methodology  can  be  either 
qualitative  or  quantitative.  Meta-analysis  is  a  quan- 
titative synthesis.  We,  as  readers  of  the  medical  lit- 
erature, are  probably  more  familiar  with  qualitative 
syntheses,  which  aggregate  infonnation  from  sepa- 
rate primary  studies  into  narrative  form.  These  are 
commonly  called  literature  reviews  or  overviews. 
Qualitative  reviews  may  be  either  ( 1 )  theoretical  or 
(2)  integrative.''^  Generally,  theoretical  reviews 
generate  research  questions  and  hypotheses  rather 
than  test  them.  They  describe  states  of  the  art,  clari- 
fy terminology,  explain  conflicting  data,  introduce 
novel  viewpoints,  and  synthesize  information  from 
different  areas  of  research.  This  paper  is  a  theoreti- 
cal review. 

Integrative  qualitative  synthesis  aims  to  general- 
ize from  the  composite  findings  of  separate  stud- 
ies." This  type  is  the  qualitative  analog  of  MA. 
Steinberg's  article  in  RESPIRATORY  Care,'^  "Surfac- 
tant Therapy  in  the  Adult  Respiratory  Distress 
Syndrome"  (ARDS),  is  an  example  of  an  integrative 
review.  Reports  of  animal  model  studies,  case  stud- 
ies, and  two  human-subjects  clinical  trials  were  syn- 


thesized. Steinberg  concluded  from  these  data  that 
surfactant  is  reasonably  safe  and  may  reduce  mor- 
tality for  adults  with  ARDS.  Interestingly,  this  con- 
clusion has  not,  as  yet.  been  borne  out  in  any  indi- 
vidual study  of  surfactant  use  in  ARDS  and  these 
data  should  be  interpreted  with  caution.  It  is  note- 
worthy, however,  that  this  is  the  type  of  review  pro- 
cess that  generated  the  Clinical  Practice  Guidelines 
published  by  the  American  Association  for  Respira- 
tory Care.'*'' 

Numerous  comparisons  of  quantitative  and  quali- 
tative syntheses  have  been  made.^"  For  example, 
Rosenthal'"*  did  a  randomized  experiment  to  exam- 
ine differences  in  results  between  these  methods. 
University  faculty  and  graduate  students  applied 
qualitative  versus  quantitative  synthesis  methods  to 
estimate  the  relationship  between  gender  and  persis- 
tence from  a  group  of  studies.  These  studies  showed 
a  clearly  significant  relationship  favoring  the  persis- 
tence of  females.  However,  73%  of  the  qualitative 
reviewers  found  otherwise,  as  compared  to  32%  of 
the  quantitative  reviewers.  According  to  Rosen- 
thal,'* these  findings  suggest  that  the  risk  of  a  Type 
II  error  (failure  to  reject  a  null  hypothesis  when  it  is 
false)  is  greater  for  qualitative  syntheses  than  for 
quantitative  ones. 

Brown  and  Hellings'''  compared  the  results  of  a 
meta-analysis  with  a  qualitative  review  about  the 
association  between  early  infant-maternal  contact 
and  infant-maternal  bonding.  In  this  instance  the 
MA  found  a  significant  positive  association — that 
bonding  increased  with  early  contact,  whereas  the 
qualitative  review  attributed  no  association  with  the 
intervention.  As  in  the  preceding  example,  these 
findings  suggest  a  greater  risk  of  Type  II  error  for 
qualitative  synthesis.  Furthermore,  qualitative  syn- 
theses on  the  same  subject  often  result  in  different 
conclusions,^'-'  whereas  MAs  (quantitative  synthe- 
ses) tend  to  general  agreement."' 

To  their  credit,  qualitative  syntheses  describe  in- 
dividual studies  in  detail.  However,  publication 
space  limits  the  number  of  studies  that  can  be  de- 
scribed this  way.  When  tens  or  hundreds  of  studies 
address  a  single  question,  it  is  difficult  to  develop  a 
coherent  picture  and  express  it  in  narrative  form.  In 
the  words  of  Light  and  Smith, '^  "Little  headway  can 
be  made  by  pooling  the  words  in  the  conclusions  of 
a  set  of  studies.  Rather,  progress  will  only  come 
when  we  are  able  to  pool,  in  a  systematic  manner. 
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the  original  data  from  the  studies."  Therefore, 
where  quantitative  resuks  are  available.  MA  ap- 
pears to  be  a  better  method  for  yielding  conclusions 
that  can  be  generalized  to  a  broad  population. 

This  does  not  mean  that  we  should  stop  doing 
qualitative  syntheses — we  can't,  if  only  because 
some  types  of  research  do  not  yield  quantitative  re- 
sults. The  type  of  synthesis  best  suited  to  the  job  de- 
pends on  the  type  of  infonnation  available  and  the 
particular  question  to  be  answered.^  Both  quantita- 
tive and  qualitative  syntheses  have  merit;  a  wise  re- 
searcher engages  in  both  with  scientific  rigor."* 

Meta-Analysis — Definition  and  Rationale 

Qualitative  syntheses  aggregate  observations  and 
theories.  Quantitative  syntheses  aggregate  numeri- 
cal data.  When  the  results  from  separate  studies  on 
the  same  question  are  contradictory  or  attain  mar- 
ginal significance,  quantitative  synthesis  may  in- 
crease precision  and  statistical  power.'''  Although 
Pearson  synthesized  experimental  data  as  early  as 
1904,'*^  and  agricultural  data  were  synthesized  dur- 
ing the  1930s,-"  current  MA  methodology  is  new 
and  evolving.  In  fact,  a  1987  medical  literature 
search  for  quantitative  syntheses  found  only  four 
published  prior  to  1970.-  Because  the  term  was  not 
coined  until  1976,  none  of  these  were  called  meta- 
analyses. 

Definition 

The  National  Library  of  Medicine  adopted  meta- 
analysis as  a  MeSH  term  in  1989,-'  and  uses  the  fol- 
lowing definition: 

A  quantitative  method  of  combining  the  resuhs  of 
independent  studies  (usually  drawn  from  the  pub- 
Mshed  literature)  and  synthesizing  summaries  and 
conclusions  which  may  be  used  to  evaluate  thera- 
peutic effectiveness,  plan  new  studies,  etc,  with 
application  chiefly  in  the  areas  of  research  and 
medicine.  The  method  consists  of  four  steps:  a 
thorough  literature  review,  calculation  of  an  effect 
size  for  each  study,  determination  of  a  composite 
effect  size  from  the  weighted  combination  of  indi- 
vidual effect  sizes,  and  calculation  of  a  fail-safe 
number  (number  of  unpublished  studies  needed  to 
negate  the  published  results)  to  assess  the  certain- 
ty of  the  composite  size. 

Before  proceeding  with  discussion  on  MA,  the 
concept  "effect  size"  (ES)  requires  explanation. 


Cohen  defined  ES  as  the  degree  to  which  a  phe- 
nomenon is  present  in  a  population  or  the  degree  to 
which  a  null  hypothesis  is  untenable  (must  be  re- 
jected).-- It  is  the  proportionate  difference  in  an  out- 
come variable  between  the  treatment  and  control 
groups.  Traditionally,  effects  of  experimental  treat- 
ments have  been  considered  either  present  or  ab- 
sent, depending  on  comparisons  of  study  results 
with  a  'magic"  p  value,  such  as  p  =  0.05.  Even  when 
treatment  effects  are  significant,  this  all-or-none  ap- 
proach gives  no  information  about  how  much  effect 
a  treatment  has.  However,  ES  allows  us  to  estimate 
the  'relative'  existence  of  the  effect.  It  yields  a 
quantitative  estimate,  which  can  be  expressed  in 
several  different  metrics.  The  ESs  from  separate, 
similar  studies  are  averaged  to  arrive  at  a  composite 
ES,  which  is  the  MA  result. 

Rationale 

Like  qualitative  syntheses,  MA  can  generate  and 
test  hypotheses.  Therefore,  MAs  may  be  explorato- 
ry and  confinnatory.-^-'*  The  original  purpose  of 
MA  was  to  combine  findings  from  separate  studies 
to  test  for  treatment  effects.  The  resulting  suinmary 
of  the  research  ought  to  obviate  the  need  for  practi- 
tioners to  review  all  studies  on  a  given  question, 
provided  the  MA  is  exhaustive.  MA  can  clarify 
treatment  effects  by 

•  increasing  statistical  power  for  primary  end- 
points  and  for  subgroups, '"*■"*■-" 

•  improving  overall  estimates  of  treatment  effect 

Size.13,18.20.25 

•  generalizing  results  to  an  enlarged  target  popu- 
lation,-'' 

•  identifying  differential  effects  for  population 
subgroups,-' 

•  answering  questions  not  posed  at  start  of  indi- 
vidual trials,'**-" 

•  identifying  the  year  when  the  composite  results 
of  individual  trials  achieve  statistical  signifi- 
cance (cumulative  MA),-^-''and 

•  informing  researchers  when  additional  studies 
are  no  longer  indicated.'*-**"''" 

Statistical  power,  the  probability  for  rejecting  a 
false  null  hypothesis,  is  a  function  of  sample  size 
and  ES.  Therefore,  studies  on  treatments  with  sinall 
ES  require  large  samples  to  achieve  statistical  sig- 
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nificance  with  high  power.  By  combining  data  from 
separate  studies,  MA  increases  sample  size  and  the 
probability  for  detecting  treatment  effects.  Simi- 
larly, combining  data  from  several  studies  improves 
the  estimate  of  ES.  The  improved  ES  obtained  by 
this  large  sample  has  less  random  error  and  in  gen- 
eral is  a  more  valid  estimate  of  the  population  ES. 

In  addition  to  estimating  ES,  MA  can  examine 
relationships  that  are  suggested  by  variations  in  ES 
among  different  study  contexts.  This  kind  of  analy- 
sis can  suggest  conditions  under  which  a  treatment 
is  effective  (such  as  the  demographic  characteristics 
that  describe  the  persons  likely  to  benefit  from  the 
treatment  and  perhaps  even  the  treatment  "dose'  that 
produces  optimum  effect).  MA  may  reveal  effects 
for  specific  variations  in  treatments  and  in  sub- 
groups of  subjects. 

Cumulative  MA,  a  fairly  recent  innovation,  is 
MA  conducted  on  an  ongoing  basis.  Following  de- 
velopment of  the  MA  protocol  and  analysis  of  exist- 
ing studies,  the  researchers  include  new  data  as  they 
become  available  and  compute  a  'running"  or  cumu- 
lative ES.  Additional  studies  may  be  unnecessary 
when  (and  if)  ES  reaches  the  magnitude  required  for 
statistical  significance.  Antman  et  al-'^-^ applied  cu- 
mulative MA  methodology  to  data  from  studies  on 
therapeutics  for  myocardial  infarction.  They  found 
that  cumulative  MA  would  have  detected  a  signifi- 
cant ES  for  intravenous  streptokinase  in  preventing 
mortality  from  myocardial  infarction  20  years  be- 
fore its  efficacy  was  endorsed  by  the  Food  and  Drug 
Administration.'^ 

MA  can  both  generate  and  test  hypotheses  about 
the  research  methods  of  primary  studies.--^'-'''-''-"' 
This  capability  is  a  result  of  the  systematic  analysis 
and  codifying  of  the  primai^y  studies  that  highlights 
study  attributes.  It  has  been  suggested  that  MA 
could  play  an  important  role  in  improving  the  quali- 
ty of  primary  studies  by  providing  feedback  to  re- 
searchers."'--'^'" MA  can  clarify  research  methodol- 
ogy and  contextual  issues  by  testing  explanatory 
variables  to  define  differences  among  studies,'- '**■-■* 
as  well  as  identifying  specific  deficiencies  in  re- 
search literature. ''- 

Sacks  et  al-  conducted  a  meta-analysis  of  meta- 
analyses to  evaluate  MA  methods.  To  improve 
meta-analysis,  they  recommended  ( 1 )  that  titles  and 
abstracts  be  formulated  to  enhance  retrievability 
from  databases,  (2)  that  analysts  judge  study  quality, 


and  (3)  that  analysts  quantitatively  synthesize  re- 
sults. Adams  et  aP-  also  conducted  an  MA  to  inves- 
tigate research  methods.  They  sought  to  describe 
the  incidence  of  inclusion  of  economic  data  in  clini- 
cal studies.  These  researchers  found  that  few  (28%) 
clinical  studies  addres.sed  the  cost-benefit  issue. 
Furthermore,  most  of  these  (51%)  used  inappropri- 
ate outcome  measures.  These  authors  encourage  in- 
clusion of  cost-benefit  analysis,  particularly  in  stud- 
ies of  technologies.  This  study  has  implications  for 
respiratory  care  research. 

Meta-Analysis  Methodology 

An  MA  by  Smith  et  al,"*^  entitled  "Respiratory 
Muscle  Training  in  Chronic  Airflow  Limitation:  A 
Meta-Analysis"  is  an  example  of  one  that  I  believe 
to  be  of  high-quality,  and  one  that  is  recent,  rele- 
vant, and  accessible.  The  reader  may  benefit  by  re- 
ferring to  it  as  I  explain  MA  methods. 

Although  the  National  Library  of  Medicine's  def- 
inition of  MA  lists  steps  for  MA  methodology,  it 
does  not  include  intemiediate  steps.  I  adapted  the 
stages  of  Hedges  et  al-''  to  describe  the  MA  process. 
Intermediate  steps  are  described  with  their  respec- 
tive stages: 

•  formulating  the  question, 

•  collecting  and  evaluating  the  data, 

•  analyzing  the  findings, 

•  interpreting  the  results,  and 

•  reporting  the  MA. 

Formulating  the  Question 

Question  formulation  involves 

•  describing  treatments,  controls,  outcomes; 

•  generating  research  questions  or  hypotheses; 

•  defining  inclusion  and  exclusion  criteria  for 
primary  studies;  and 

•  consulting  a  statistician  (author's  suggestion). 

MA  can  be  exploratory  or  confirmatory.  Explora- 
tory MAs  do  not  evaluate  a  priori  hypotheses — 
those  posed  prior  to  data-gathering.  Instead,  these 
MAs  describe  primary  studies  to  develop  hypothe- 
ses upon  which  new  studies  may  be  based  or  to  an- 
swer the  question,  "What  is  out  there?"  In  this 
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instance,  descriptive  statistics,  including  measures 
of  central  tendency  (eg,  mean  or  median)  and  possi- 
bly inferential  statistics  like  measures  of  association 
(eg,  correlation  or  odds  ratio),  may  be  adequate.-'' 
Because  data  exploration  of  any  kind  introduces  an 
increased  risk  of  bias,  hypotheses  that  are  based  on 
the  results  of  pieliminary  analysis  of  data  require 
special  statistical  procedures  with  stricter  criteria 
for  significance.  Confirmatory  MAs  evaluate  a  pri- 
ori hypotheses  to  examine  treatment  effects  or  re- 
search contexts.  Hypotheses  about  treatment  effects 
may  be  those  tested  in  primary  studies  or  even  from 
previous  MAs. 

Research  questions  and  hypotheses  require  pre- 
cise definitions  of  both  the  independent  and  depen- 
dent variables.  The  definition  process  is  known  as 
operationalizing  the  terms.  Operational  definitions 
also  enable  selection  of  key  words  for  the  literature 
search  and  inclusion  criteria  for  studies.  In  studies 
that  use  well-defined  physical  variables,  opera- 
tionalization  is  straightforward.  For  example,  the  ef- 
fect of  a  bronchodilator  on  airway  resistance  is  sim- 
ple to  operationalize — airway  resistance  is  the  de- 
pendent variable  and  the  bronchodilator,  the  inde- 
pendent variable.  However,  independent  variables 
used  in  psychological,  educational,  and  manage- 
ment studies  are  constructs  that  are  often  difficult  to 
precisely  define.  Examples  of  these  are  psychother- 
apy, instructional  methodology,  and  management 
style.  Dependent  variables  may  also  be  constructs 
that  present  measurement  problems  such  as  coping 
skills,  learning  achievement,  and  job  stress. 
Integrating  studies  that  use  the.se  kinds  of  variables 
is  especially  difficult  because  separate  studies  may 
define  the  same  constructs  differently. 

Smith  et  ai"s^^  independent  variable  was  respira- 
tory muscle  training — defined  as  a  combination  of 
resistive  exercises  and  i.socapnic  hyperventilation. 
Although  the  authors  initially  defined  the  dependent 
variables  as  objective  measures  of  pulmonary  func- 
tion, including  FEV|/FVC,  their  final  analysis  in- 
cluded a  measurement  called  functional  status — a 
construct  that  includes  subjective  assessment  of 
well-being  and  ability  to  perform  tasks  necessary  to 
daily  living.  Their  research  question  was,  "Does 
training  the  respiratory  muscles  improve  spirome- 
try, ventilatory  muscle  strength  and  endurance,  ex- 
ercise capacity,  and  functional  status  in  patients 
with  chronic  airflow  limitation?" 


The  studies  included  in  the  MA  by  Smith  et  al^^ 
yielded  somewhat  different  and  apparently  incon- 
sistent results.  The  authors  formulated  five  a  priori 
hypotheses  to  test  the  sources  of  this  heterogeneity 
of  effects  across  studies — the  effect  of  research 
methods  on  outcome.  They  hypothesized  that  (1) 
training  and  testing  on  the  same  apparatus  would 
yield  larger  effects,  (2)  volume  and  resistive  train- 
ing would  have  different  effects,  (3)  training  involv- 
ing changes  in  breathing  patterns  justified  separate 
analysis,  (4)  absent  effects  on  respiratory  muscle 
strength  would  be  associated  with  absent  effects  on 
other  measures,  and  (5)  results  of  studies  in  terms  of 
significance  would  be  related  to  research  quality. 

Before  retrieving  and  analyzing  primary  studies, 
criteria  for  including  and  excluding  them  in  the  MA 
should  be  established.  Smith  et  al"*^  set  criteria  that 
involved  both  sample  population  and  study  meth- 
ods. First,  the  studies  must  have  established  signifi- 
cant airflow  limitation  in  their  subjects  with  objec- 
tive pulmonary  function  tests.  Second,  they  were  re- 
quired to  measure  outcomes  by  specified  tech- 
niques. Third,  they  must  have  been  randomized, 
controlled  trials.  With  these  tasks  accomplished,  the 
meta-analysts  were  prepared  for  the  next  step,  re- 
trieving and  evaluating  primary  studies. 

My  addendum  to  Hedges"  scheme  is  to  consult  a 
statistician.  Statistical  procedures  for  MA  are  spe- 
cial and  can  be  complex.  Even  those  who  are  adept 
with  .statistics  normally  applied  to  primary  studies 
may  be  daunted  by  MA  statistical  analysis  methods. 
Dickersin  and  Berlin'*^  recommended  including  a 
statistician  on  the  MA  team,  and  I  wholeheartedly 
agree  with  this  viewpoint.  This  collaboration  must 
begin  during  the  planning  stage  of  MA,  before  the 
hypotheses  are  formulated  because  hypothesis  for- 
mulation and  analysis  are  inextricably  linked. 
Whether  the  statistician's  services  are  compensated 
with  money  or  a  share  in  authorship,  they  are  essen- 
tial. 

Data  Collection  and  Evaluation 

This  stage  of  MA  includes 

•  retrieving  studies  for  review, 

•  establishing  coding  procedures  (including 
quality  analysis), 

•  organizing  coded  data,  and 

•  establishing  coder  reliability. 
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Glass"  compared  MA  to  survey  research,  ex- 
plaining that  the  unit  of  analysis  in  MA  is  the  indi- 
vidual study,  whereas  the  unit  of  analysis  in  a  pri- 
mary study  is  the  individual  subject.  In  both  MA 
and  individual  studies,  the  sample  population  is  the 
exhaustive  collection  of  the  units  of  analysis.  The 
quantity  of  studies  in  a  population  usually  prohibits 
exhaustive  sampling  in  much  the  same  way  that  the 
size  of  the  sampling  frame  for  survey  research  is 
normally  prohibitive.  It  is  therefore  imperative  that 
a  sampling  scheme  be  developed  to  minimize  sam- 
pling bias  and  ensure  that  a  representative  sample  of 
studies  is  drawn.  As  in  survey  research,  nonproba- 
bility  (convenience)  sampling  reduces  the  validity 
of  the  results. 

Major  sources  of  sampling  bias  are  associated 
with  three  aspects  of  MA:  (1)  retrieval  and  (2)  se- 
lection of  studies,  and  (3)  extraction  of  data  from 
them.^-*  Retrieval  involves  identifying,  then  locating 
all  of  the  studies  relevant  to  MA.  This  would  be  an 
easy  task  if  one  only  needed  to  do  a  computerized 
literature  search.  However,  this  activity  cannot  lo- 
cate all  relevant  studies — only  published  ones,  and 
then  only  studies  published  in  journals  that  are  list- 
ed in  specific  indexes.  Therefore,  a  sample  com- 
prised only  of  published  studies  is  one  of  conve- 
nience. Controversy  exists  over  whether  to  include 
unpublished  data  in  an  MA.  Proponents  of  using 
published-only  data  argue  that  these  data  have 
passed  peer-review  and  public  scrutiny. "*'  Cook  et 
al''*'  discovered  that  the  editor-in-chief  of  the  New 
England  Journal  of  Medicine  is  firm  in  this  convic- 
tion and  stated  that  he  found  their  (Cook  et  al's)  in- 
tention to  include  unpublished  data  in  an  MA  "sur- 
prising and  disturbing." 

Many  studies  are  never  published  because  of 
"editorial  gatekeeping" — publication  bias  that  gen- 
erally favors  findings  that  are  statistically  signifi- 
cant,^'^'''^^'^^'^^  support  new  technologies^^  or  pop- 
ular opinion,'-''  or  are  fashionably  theory-bashing.-** 
The  Journal  of  Medical  Education  Technologies,  an 
instructional  technology  journal,  exemplifies  edito- 
rial gatekeeping  in  its  instructions  to  authors. 
"We're  interested  in  submissions  which  deal  with 
strategies  or  techniques  which  work "'*''  Obvi- 
ously, this  journal  is  not  interested  in  publishing 
studies  with  nonsignificant  findings. 

Some  researchers  do  not  seek  publication. 
Master's  theses  and  doctoral  dissertations  go  un- 


published because  the  graduate  students  terminate 
their  research  and  publication  efforts  as  soon  as 
their  recommendation  for  degree  is  complete. 
Others  may  not  seek  publication  because  their  re- 
search yielded  nonsignificant  results.  Aware  of  pub- 
lication bias,  they  perceive  their  chances  for  publi- 
cation as  poor. 

Rosenthal '"*■-**  referred  to  publication  bias  as  the 
'file  drawer'  problem  because  many  studies  with 
nonsignificant  findings  are  stashed  in  file  drawers 
and  never  published.  Publication  bias  can  be  detect- 
ed by  graphic  methods,^  and  its  effect  estimated  by 
calculating  the  fail-safe  n  statistic.  The  fail-safe  n  is 
an  estimate  of  the  number  of  studies  with  nonsignif- 
icant findings  that  would  convert  a  statistically  sig- 
nificant composite  probability  level''*-**  or  ES-'^'°  to 
a  nonsignificant  one. 

The  argument  against  using  unpublished  data  in 
MAs  is  moot,  provided  these  studies  are  subjected 
to  the  same  inclusion  criteria  as  those  that  have  been 
published.  A  survey  of  authors  of  meta-analyses^* 
found  that  77.7%  of  them  favored  using  unpub- 
lished data  in  MA.  Publication  bias  can  be  reduced 
if  reviewers  and  editors  evaluate  studies  by  criteria 
other  than  significance  of  findings.  Another  way  to 
improve  accessibility  of  unpublished  data  is  through 
registries  of  studies  that  include  studies  in  both 
planning  and  execution  stages.'-^""' 

Computers  considerably  ease  literature  search- 
ing, particularly  for  those  with  access  to  computer 
networks  that  communicate  with  libraries.  Several 
databases  containing  published  and  unpublished 
studies  currently  are  available  on  read-only  compact 
discs  (CD-ROM).  Some  libraries  make  these  avail- 
able to  members  of  networks,  like  Internet,  making 
it  possible  to  search  MEDLine,  Dissertation  Ab- 
stracts International  (DIA),  Educational  Resources 
Information  Clearinghouse  (ERIC),  and  Cumulative 
Index  of  Nursing  and  Allied  Health  Literature 
(CINAHL)  without  moving  from  one's  computer. 
Some  of  these  databases,  such  as  MEDLINE  and 
CINAHL,  list  only  published  reports. 

In  addition  to  the  search  channels  listed,  refer- 
ence lists  of  primary  studies  and  previous  literature 
reviews  can  be  a  rich  source  of  infonnation.  Both 
unpublished  and  published  references  are  found  on 
these  lists.  Still,  unpublished  studies  can  be  particu- 
larly difficult  to  locate.  There  are  several  ways  to 
approach  this  problem.  One  could  contact  experts  in 
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the  area  of  interest  and  ask  tor  information  about 
unpublished  studies.  Also,  educational  and  medical 
institutions  are  often  centers  for  specific  areas  of  re- 
search. One  could  ask  university  faculty  about  un- 
published studies,  like  dissertations  and  theses. 
Finally,  the  United  States  and  Canadian  Govern- 
ments sponsor  research  of  all  kinds,  some  of  which 
is  never  published.  Contacting  the  government 
agencies  likely  to  sponsor  research  in  the  area  of  in- 
terest may  prove  worthwhile. 

The  initial  literature  search  should  use  broad 
search  terms  with  the  expectation  of  finding  more 
studies  than  will  qualify  for  inclusion  in  the  MA. 
After  isolating  those  with  potential  for  inclusion,  re- 
searchers analyze  each  study,  and  use  their  already 
established  criteria  to  include  or  exclude  each  one. 
Because  the  selection  process  is  somewhat  depen- 
dent on  researcher  subjectivity,  which  can  bias  the 
sample,  two  researchers,  blinded  to  the  sources  and 
results,  should  do  the  selection. -"'•^"*-^^  Each  dis- 
agreement should  be  evaluated  by  a  panel  of  re- 
searchers. 

Brown^'  reported  a  thorough  literature  search  for 
her  MA  on  the  effects  of  educational  interventions 
on  diabetes.  She  searched  MEDLINE.  Combined 
Health  Information  Data  Base.  Psychological  Ab- 
stracts. ERIC,  and  DIA.  Brown  also  contacted  nurs- 
ing schools  and  nurse  educators-researchers  to  lo- 
cate unpublished  studies  that  were  not  indexed  in 
databases. 

To  locate  studies  for  their  MA,  Smith  et  al"*^ 
searched  MEDLINE  and  reference  lists  of  articles. 
They  wrote  to  the  first-named  author  of  each  article 
to  inquire  about  unpublished  studies.  Using  another 
database  called  SCI-SEARCH  (Institute  for  Scien- 
tific Information,  Philadelphia  PA),  they  used  key 
references  to  search  forward  in  time. 

Coding  the  Studies 

Coding  refers  to  extracting  and  recording  data 
from  each  study  included  in  the  MA.  The  product  is 
a  record  for  each  study,  with  fields  for  characteris- 
tics and  findings.  Because  each  field  in  this  database 
is  a  potential  variable  for  the  MA,  defining  these  is 
an  important  task.  The  list  of  records,  the  code 
sheet,  contains  the  data  for  the  final  analyses. 
Because  coding  errors  can  bias  an  MA,  protocols 
should  he  designed  to  maximize  the  accuracy  and 
reliability  of  data  extraction.'"* 


A  well-designed  code  sheet  with  clear,  concise 
rules  for  extracting  and  recording  data  is  essential 
for  coding.  To  draw  an  analogy,  the  code  sheet  func- 
tions like  a  ventilator  flow  sheet.  Each  therapist  who 
checks  the  ventilator  may  inteipret  analog  informa- 
tion (pressure  and  temperature  dials)  a  little  differ- 
ently because  reading  such  dials  may  involve  a 
stronger  subjective  component  than  reading  digital 
meters.  One  could  determine  whether  two  thera- 
pists' interpretations  of  identical  information  were 
significantly  different  using  an  assessment  of  inter- 
rater  reliability.  Likewise,  if  more  than  one  person 
does  the  coding  for  MA.  inter-rater  reliability  must 
be  established.  This  can  be  done  by  having  the 
coders  follow  the  procedure  to  code  a  sample  of 
studies  and  then  assess  agreement.-^  Smith  et  al" 
established  inter-rater  reliability  with  weighted 
kappa,  then  resolved  disagreements  by  discussion. 

Although  the  instrument  is  called  a  code  'sheet,' 
the  data  should  be  entered  into  a  computer.  Either 
spreadsheet  or  database  software  may  be  used  for 
data  entry  and  storage  provided  it  is  exportable  to 
the  statistical  software  preferred  by  the  statistician. 

The  record  for  each  study  lists  pertinent  findings 
and  specific  characteristics.  Some  characteristics, 
like  sample  size,  are  used  as  weighting  factors  for 
data  analysis.  That  is,  when  the  composite  ES  is  cal- 
culated, an  ES  from  a  study  of  200  people  might  be 
weighted  two  times  heavier  than  one  from  a  study 
of  100  people.  Others  are  used  to  assess  the  interac- 
tions between  characteristics  and  results.  For  exam- 
ple, one  may  want  to  assess  the  association  of  gen- 
der and  age  with  the  outcome  (dependent  variable). 
A  code  sheet  may  include  the  following  items. 


Research  design  (eg,  case-control,  clinical  trial, 

survey) 

Specific  treatment  (independent  variable) 

Outcome  measures  (dependent  variables) 

Control  group  (yes/no) 

Sample  size  (n) 

Sample  characteristics  (eg,  proportion  male. 

proportion  >  45  years  old) 

Randomization  of  subjects  (yes  or  no) 

Sampling  scheme 

Year  of  study 

Source  category  (eg,  journal,  thesis) 

Quality  of  study  (determined  by  a   'quality 

score") 
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The  preceding  list  is  not  intended  to  be  exhaus- 
tive. Although  certain  characteristics  (like  random- 
ization, variables,  and  control  group)  are  essential, 
researchers  tailor  their  coding  scheme  to  the  kinds 
of  studies  included  in  the  analysis.  For  instance,  an 
educational  experiment  will  have  a  different  coding 
scheme  than  a  clinical  drug  trial.  The  reader  is  re- 
ferred to  Table  2  in  Smith  et  af^^  for  an  example  of  a 
summary  of  MA  study  characteristics. 

The  issue  of  quality  of  primary  studies  presents 
two  major  problems:  (1)  How  does  one  measure 
quality?  and  (2)  What  does  one  do  with  studies  of 
poor  quality?  Although  instruments  to  assess  quali- 
ty exist,  some  of  these  are  lengthy  and  others  are  un- 
reliable."'- It  has  been  suggested  that  quality  assess- 
ment should  focus  on  a  few  important  variables  that 
have  the  greatest  power  to  increase  the  risk  of 
bias.-'^-'-'^  Examples  of  these  are  ( 1 )  presence  or  ab- 
sence of  random  assignment,  (2)  data  completeness, 
(3)  treatment  of  drop-outs,  and  (4)  validation  of  out- 
come measures.  Table  1  in  Smith  et  al  lists  their  cri- 
teria for  methodologic  quality.-'  Disposition  of 
poor-quality  studies  is  the  second  problem.  A  re- 
searcher could  simply  exclude  "bad"  studies  from 
an  MA.  But,  this  would  be  like  a  primary  investiga- 
tor eliminating  a  'bad'  subject.  In  both  cases,  data 
are  lost,  possibly  causing  systematic  error  (bias)  in 
the  result.  Instead  of  excluding  bad  studies,  one 
could  weight  ES  by  study  quality  to  compute  the 
composite  ES:'^  however,  the  findings  of  the  MA 
could  be  seriously  affected  by  unreliable  or  arbi- 
trary measurements  of  quality.''^'"' 

Another  option  is  analogous  to  the  "intent-to- 
treat"  versus  "as-treated"  approaches  usually  taken 
for  the  analysis  of  data  from  randomized  controlled 
clinical  trials.  One  calculates  the  composite  ES  with 
all  studies  (intent-to-treat),  then  with  good  studies 
only  (as-treated).--"'  If  a  large  difference  between  the 
two  is  found,  the  ES  from  the  good  studies  more 
likely  estimates  that  of  the  population.  However,  the 
results  of  both  analyses  must  be  reported. 

A  final  approach  to  quality  assessment  is  to  use  a 
quality  score  similar  to  that  used  by  Sacks  et  al,-  and 
arbitrarily  set  a  cut-off  point.  For  example,  a  quality 
score  of  25  or  less  will  be  called  a  bad  study  and  one 
with  a  score  greater  than  25  will  be  called  a  good 
study.  This  new  dichotomous  variable  can  then  be 
used  as  one  of  the  independent  variables  or  predic- 
tors in  the  assessment  of  outcome.  Although  quality 


evaluation  is  an  important  component  of  MA,  the 
quality  of  primary  studies  does  not  appear  to  have  a 
consistent  effect  on  ES."^-^-  As  examples,  neither 
Smith  et  al^'  nor  Brown^-  found  a  consistent  rela- 
tionship between  ES  and  study  quality. 

Analyzing  the  Findings 

As  discussed  earlier,  data  analysis  for  MA  is 
complex  and  usually  requires 

•  estimation  of  individual  ES,-^ 

•  examination  of  ES  variation  (homogeneity) 
among  studies,-' 

•  selection  of  a  model  for  variation  (fixed,  ran- 
dom effects),-' 

•  estimation  of  the  composite  ES,-'  and 

•  computation  of  the  fail-safe  n.'''-^-' 

Correct  methodology  for  aggregating  quantita- 
tive data  from  separate  studies  presents  two  major 
unresolved  questions — How  should  the  data  be 
combined?  and  How  should  the  hypotheses  be  test- 
ed? The  first  question  is  whether  an  MA  should 
combine  raw  patient  data  or  summary  statistics 
from  primary  studies.  Stewart  and  Pannar"  referred 
to  these  two  methods  as  MA  of  patient  data  (MA-P), 
and  MA  of  the  literature  (MA-L),  respectively. 
These  authors  compared  MA-P  to  MA-L  using 
studies  estimating  the  effects  of  platinum  versus 
nonplatinum  therapeutic  regimens  on  ovarian  can- 
cer. Where  their  MA-L  found  significant  effects  for 
platinum,  their  MA-P  did  not.  They  concluded  that 
an  MA-L  yields  a  less  reliable,  more  biased  estimate 
of  ES  because  of  publication  bias,  exclusion  bias, 
and  poor  reporting  in  primary  studies.  Therefore, 
according  to  Stewart  and  Parmar,  MA-P  is  preferred 
over  MA-L." 

Although  re-analysis  of  raw  data  may  permit 
more  sensitive  data  analysis,-''"*"'-  there  are  two 
major  barriers  to  replacing  MA-L  with  MA-P:  (I) 
The  assumptions  that  one  is  required  to  make  when 
directly  combining  raw  data  may  not  be  satisfied,-" 
and  (2)  raw  data  may  not  be  available.""  To  directly 
combine  raw  data,  the  studies  that  contribute  data  to 
the  'pool'  must  have  identical  designs  and  sampling 
plans;  and  they  must  measure  the  same  outcome 
variable,  using  the  same  instrument.-"  With  the  ex- 
ception of  multicenter  trials  that  use  identical  re- 
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search  protocols,  it  seems  that  these  requirements 
are  rarely  met.  Although  the  medical  community  is 
designing  and  implementing  coinputerized  data 
banks  to  facilitate  communication  of  research  ef- 
forts,-^ these  will  not  include  data  from  studies  on 
every  topic  that  wanants  MA.  Until  such  data  banks 
exist  for  all  kinds  of  studies,  respiratory  care  re- 
searchers will  depend  on  MA-Ls.  The  following 
discussion  of  data  analysis  procedures,  as  well  as 
the  temi  MA,  refer  to  MA-L. 

Various  statistics  are  used  for  ES.  The  selection 
seems  to  depend  on  the  design  of  primary  studies,  as 
well  as  the  topic  of  research.  Because  the  intention 
of  MA  is  to  combine  effects  from  different  studies, 
ES  must  be  a  unit-free  quantity.  Examples  of  com- 
mon ES  metrics  include  differences  in  proportions 
between  treatment  and  control  groups  (odds  ratios, 
hazard  function),  product  moment  correlation  coef- 
ficient, rho  (p),  and  standardized  mean  difference, 
delta  (S). 

Epidemiologic  studies  and  clinical  trials  often 
measure  effects  as  proportions,  such  as  odds  and 
hazard  functions. -'•■*'■"'-  As  an  example,  a  clinical 
trial  of  surfactant  resulted  in  mortality  of  0. 1 8  and 
0.03  for  control  and  experimental  groups,  respec- 
tively. In  this  example,  the  ES  for  surfactant  is  -0. 15 
(15%  reduction)  measured  by  the  difference  be- 
tween the  proportion  surviving  in  the  treatment  and 
control  groups."*"* 

The  Pearson  product-moment  correlation  coeffi- 
cients can  also  measure  ES.  Rosenthal''*  advocated 
p  as  the  choice  measure  of  ES  because  it  is  easily 
calculated  from  other  statistics,  generally  applica- 
ble, and  interpretable.  Rosenthal  explained  how  p  is 
applied  in  MA,  arguing  convincingly  for  its  applica- 
bility, (see  Rosenthal  for  details).  However,  it 
doesn't  seem  to  have  gained  wide  acceptance.  Event 
counts  (the  number  of  times  something  occurs),  dif- 
ferences in  proportions,  and  standardized  mean  dif- 
ferences appear  to  be  the  most  popular  choices  for 
reporting  ES. 

Smith  et  al^'  u.sed  the  standardized  inean  differ- 
ence, 8,  to  tneasure  ES.  This  practice  is  common  in 
quasi-cxperiinentai  research,  especially  in  educa- 
tion and  the  social  sciences.'^-"---'  Calculation  of  8 
requires  the  means  and  standard  deviations  for  ex- 
perimental and  control  groups.  If  unreported  by  pri- 
mary investigators,  these  can  be  algebraically  esti- 
mated from  most  outcome  measures  (sec  Glass"  or 


Hedges  et  al-"-''  for  details).  The  equation  for  un- 
weighted 5  is 


where  Xc  =  experimental  group  mean,  x^-  =  control  group 
mean,  and  Sp  =  pooled  standard  deviation. 

Because  8  is  reported  in  standardized  (standard 
deviation)  units,  comparisons  among  diverse  out- 
comes is  possible  and  standardized  units  are  easily 
converted  to  natural  units  (eg,  cm  H2O  and  torr). 
Regardless  of  the  statistic  used,  individual  ESs  are 
usually  weighted  by  one  or  more  factors  in  order  to 
calculate  the  composite  (average)  ES  (see  Hedges  et 
al  for  details).  Weighting  factors  may  include  sam- 
ple size,  study  variance,  and  study  quality.-"-' 

The  assumption  for  combining  ESs  is  that  each 
comes  from  a  population  of  studies  sharing  a  com- 
mon ES.-"-'  One  expects  a  certain  amount  of  varia- 
tion in  ES  among  studies  due  to  random  error  inher- 
ent in  any  sample.  However,  significant  variability 
suggests  that  study  characteristics  have  influenced 
ES.  Analysis  of  homogeneity  of  ESs  is  done  to  se- 
lect a  model  for  combining  ESs  and  to  identify  out- 
liers— those  ESs  from  primary  studies  that  are  very 
different  from  the  composite  ES. 

Homogeneity  can  be  assessed  by  various  graphs 
and  statistical  tests.  Graphic  methods  include  Light 
and  Pillemer's^  funnel  plots,  and  Hedges  et  al's-"--* 
plots  of  primary  ESs  and  their  sampling  standard  er- 
rors superimposed  on  the  composite  ES  with  its  as- 
sociated 99%  confidence  interval.  Figure  I  is  an  ex- 
ample of  the  latter  type  and  was  used  by  Hedges  et 
al  to  evaluate  homogeneity  for  an  MA.-' 

Statistical  analysis  of  homogeneity  among  study 
results  is  commonly  done  with  a  test  that  uses  the 
statistic  Q,2o,23,45,46  which  follows  a  X'  distribution 
with  k  -1  degrees  of  freedom  (where  k  =  number  of 
studies)  and  exists  as  several  variants.  Hedges  et 
al-"-'  calculate  Q  using  the  independent  ESs  (6),  ES 
sampling  standard  errors,  and  the  composite,  or 
"weighted  average"  ES.  To  test  for  significant  het- 
erogeneity, Q  is  then  compared  to  the  percentile  on 
the  x~  distribution  that  corresponds  to  the  predeter- 
mined level  of  significance. 

In  the  plot  of  Figure  1,  there  are  4  studies  whose 
99%  confidence  interval  does  not  include  the  com- 
posite ES.  They  are  significantly  heterogeneous 
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Fig.  1 .  This  type  of  plot  is  used  to  evalu- 
ate ES  homogeneity  in  an  MA  that  ex- 
amines the  effects  of  biological  science 
curricula  on  achievement.  The  vertical 
line  (1)  in  the  center  is  the  composite  ES 
(0.441).  Asterisks  are  individual  ESs 
with  points  that  correspond  to  the  lower 
(L)  99%  and  upper  (U)  99%  confidence 
limits  of  their  distributions.  ID  =  study 
identification  code;  and  Q  (individual 
study  test  statistic)  =  squared  deviation 
of  the  individual  ES  from  the  composite. 
Reprinted,  with  permission,  from 
Reference  23. 


with  respect  to  the  distribution  (p  <  0.01).  If  signifi- 
cant heterogeneity  is  found,  three  options  are  open 
to  the  researcher  for  calculation  of  composite  ES:-'' 
( 1 )  Use  a  random-effects  instead  of  a  fixed-effects 
model,  (2)  exclude  outliers,  or  (3)  include  the  cause 
of  variation  as  a  covariate  in  the  model.  A  fixed-ef- 
fects model  assumes  that  the  studies  in  an  MA  are 
exhaustive  (ie,  they  include  the  entire  popula- 
tion ),-"-^-'*'*-'''**  and  that  variation  between  ESs  is 
explained  by  differences  in  study  characteristics. 
Random-effects  models  assume  that  studies  are 
samples  from  a  population.  So,  an  additional  source 
of  variation  exists  between  the  studies  in  the  MA 
and  the  population.  Random-effects  models  account 
for  both  sources  of  variation.  The  net  effect  of  using 
this  model  is  to  broaden  the  confidence  interval 
around  the  ES,  which  yields  the  more  conservative 
estimate. ''^■■*^ 

Smith  et  al""^  used  the  methods  described  by 
Hedges  and  Olkin-"  to  analyze  their  data.  As  listed 
in  their  Table  3,  they  found  two  variables,  laborato- 
ry exercise  capacity  (p  =  0.04)  and  functional  status 
(p  =  0.04),  with  significantly  heterogeneous  ES. 
These  will  be  discussed  further  in  the  section  enti- 
tled Interpretation. 

There  are  several  statistical  procedures  that  may 
be  used  to  calculate  the  composite  ES  and  its  confi- 
dence interval.  Procedure  selection  depends  on  the 
metric  used  for  ES  and  whether  the  model  uses 
fixed  or  random  effects.  Hedges  et  al-"-''  described 
the  procedures  for  calculating  the  composites  of 
both  p  and  8.  Rosenthal'-*  described  the  procedure 
for  composite  p.  Examples  of  fixed-effects  mod- 
gl5i9,45,46  fQj-  epidemiologic  and  clinical  studies  in- 
clude the  Mantel-Haenszel  and  Peto  methods.  The 


DerSimonian  and  Laird^'  method  uses  a  random-ef- 
fects model.  Both  models  yield  p  values  and  confi- 
dence intervals  for  the  composite  ES. 

Table  3  in  Smith  et  al''''  shows  the  composite  ES 
for  8  variables.  In  addition  to  reporting  the  ES  in 
standard  deviation  units  with  the  respective  95% 
confidence  intervals,  they  report  ES  in  natural  units 
(to  make  the  data  more  meaningful  and  inter- 
pretable  for  readers).  The  table  lists  the  homogene- 
ity p  value  for  each  ES  as  well. 

As  previously  discussed  with  publication  bias, 
the  fail-safe  n  statistic  is  the  number  of  studies  with 
nonsignificant  results  (stashed  in  file  drawers)  that 
would  be  required  to  reduce  a  significant  ES  to  a 
nonsignificant  one.-' ""'  When  n  is  small,  the  results 
of  the  MA  are  unstable  to  additional  studies.  This 
means  that  a  small  number  of  additional  studies 
with  nonsignificant  results  would  reduce  this  ES  to 
zero.  Conversely,  a  large  n  suggests  stability  of  the 
ES  to  additional  studies  with  nonsignificant  results. 
Because  they  concluded  that  there  were  no  signifi- 
cant effects.  Smith  et  al-''  did  not  need  to  calculate  a 
fail-safe  n. 

Interpreting  the  Findings 

As  defined  earlier,  ES  is  the  degree  to  which  the 
effect  is  present  in  the  population  or  the  degree  to 
which  the  null  hypothesis  is  untenable.--  The  sim- 
plest finding  to  interpret  is  a  95%  confidence  inter- 
val for  ES  that  includes  zero.  One  may  then  con- 
clude with  reasonable  certainty  (95%)  that  the  treat- 
ment in  question  does  not  cause  the  outcome  in 
question  (p  <  0.05).  Statistically  significant  ES  val- 
ues can  be  more  difficult  to  interpret  because  an  ES 
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can  be  statistically  significant  but  clinically  unim- 
portant. 

Cohen-  published  general  guidelines  for  classi- 
fying small,  medium,  and  large  ES:  0.2.  0.5,  0.8,  re- 
spectively. Consequently,  researchers  like  Smith  et 
al-'-^  have  used  these  figures  as  guidelines  to  interpret 
ES.  Whereas  these  guidelines  for  ES  are  useful  for 
statistical  power  analysis  and  sample  size  determi- 
nation, they  are  not  a  categorical  interpretation  of 
ES,  as  derived  from  MAs.  From  the  standpoint  of 
evaluating  the  efficacy  of  treatments,  it  is  inappro- 
priate to  regard  ES  in  terms  of  small,  medium,  and 
large.''  Instead,  one  should  inteipret  ES  in  context 
to  evaluate  clinical  importance.  An  apparently  large 
ES  can  be  clinically  unimportant. 

There  are  at  least  four  ways  to  examine  the  clini- 
cal importance  of  statistically  significant  ESs: 

•  compare  treatment  and  control  groups  as  per- 
centiles, 

•  compare  the  ES  of  a  treatment  with  the  ES  of 
other  treatments, 

•  transform  ES  to  natural  units,  and 

•  transcribe  ES  to  a  Binomial  Effect  Size  Display 
(BESD). 

Because  ES  is  a  standard  score,  an  ES  of  1  or  -1 
indicates  that  the  experimental  group  completed  the 
study  one  standard  deviation  above  or  below  the 
mean  of  the  controls,  respectively.  Given  an  ES  of 
1.0  standard  deviation,  and  assuming  a  normal  dis- 
tribution, the  mean  of  the  experimental  group  ex- 
ceeds 84%  of  the  controls.  Conversely,  an  ES  of 
-1 .0  indicates  that  the  mean  of  the  control  group  ex- 
ceeds 849f  of  the  experimental  group.  Referring  to 
our  example  from  the  surfactant  MA,-"  the  reader 
should  note  that  a  negative  ES  can  be  desirable,  as 
when  mortality  and  morbidity  are  the  measured  ef- 
fects. 

The  ES  of  one  treatment  can  be  compared  with 
that  of  others.  To  present  a  contrived  example,  if  the 
ES  for  the  effect  of  PEEP  on  PaO:  is  0.5,  and  the  ES 
for  inspiratory  pause  is  0.4.  one  may  infer  that 
PEEP  is  more  effective  in  increasing  P;,o:-  How- 
ever, despite  the  gain  in  ES,  one  must  balance  the 
hazards  and  costs  as.sociated  with  each  treatment 
against  its  respective  anticipated  benefit.  Similarly, 
if  instructional  methods  are  under  examination,  one 
might  question  whether  a  given  gain  in  ES  associat- 
ed with  one  method  Justifies  its  implementation 
costs.  Viewing  the  data  after  conversion  to  natural 


units  and  percentiles  might  help  to  answer  these 
questions. 

To  help  evaluate  the  clinical  importance  of  their 
findings.  Smith  et  al"  reported  their  ESs  in  natural 
units,  as  well  as  standard  units.  In  Table  3,  they 
report  ES  =  0.43  for  respiratory  muscle  strength, 
as  measured  by  maximal  voluntary  ventilation. 
Whereas  it  would  be  difficult  for  a  rehabilitation 
practitioner  to  determine  whether  the  ES  in  standard 
deviation  units  has  any  clinical  importance,  the  con- 
version to  a  gain  in  8.8  L/min  puts  the  ES  in  clinical 
perspective. 

Rosenthal'-*  advocated  using  the  BESD  to  evalu- 
ate clinical  importance  of  ES.  These  are  2  x  2  tables 
that  show  outcome  proportions  for  control  and  ex- 
perimental groups  for  ESs  indexed  by  correlation 
coefficients.  Although  BESDs  seem  to  help  in  inter- 
pretation of  clinical  importance,  they  have  not  been 
widely  used  in  reporting  MA  results. 

Smith  et  al^'  interpreted  all  of  their  composite 
ESs  as  small  or  nonsignificant,  concluding  that 
there  is  little  support  for  respiratory  muscle  training 
to  treat  chronic  airflow  obstruction.  Table  3  in  their 
article  shows  that  only  one  ES  does  not  have  a  zero 
value  within  the  95%  confidence  interval — respira- 
tory muscle  strength,  measured  by  maximal  volun- 
tary ventilation.  This  then  is  a  statistically  signifi- 
cant result  with  p  <  0.05. 

Interpretation  of  ES-study  interactions  is  a 
separate  issue.  A  variety  of  study  differences  can 
cause  variation  in  ES.  Examples  include  sample 
characteristics,  outcome  measures,  treatment 
dosages,  and  schedules.  It  would  be  possible  for 
studies  to  disagree  on  ES  due  to  differences  in  study 
design  alone.  Unexplained  heterogeneity  results 
from  variables  that  are  not  coded  by  researchers  and 
therefore  are  not  accounted  for  in  the  estimate 
ofES. 

Smith  et  al'''  found  two  variables  with  heteroge- 
neous ES:  (1)  functional  status  and  (2)  laboratory 
exercise  capacity.  The  heterogeneity  for  the  func- 
tional status  ES  appears  to  be  explained  by  whether 
studies  used  controlled  versus  uncontrolled  flow- 
rates  as  part  of  the  treatment  (see  Table  4  in  Smith  et 
al).  The  heterogeneity  for  laboratory  exercise 
capacity  seems  unexplained  by  the  listed  study 
characteristics. 

A  total  of  5  hypotheses  regarding  ES  and  study 
interactions  were  tested  (see  Smith  et  al  for  de- 
tails).'' One  salient  result  was  a  higher  endurance 
ES  for  studies  using  volume  training  over  pressure 
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training.  A  second  salient  result  was  consistently 
higher  ESs  associated  with  controlled  flowrate 
training  over  uncontrolled  flowrates.  Based  on  the 
latter  result,  the  authors  recommended  further  re- 
search on  controlled  breathing  patterns  for  respira- 
tory muscle  training. 

Reporting  the  Review 

The  general  guideline  for  reporting  research  is 
that  a  reader  should  be  able  to  replicate  the  study 
from  the  author's  report.  This  guideline  pertains  to 
MA  as  well.  Table  2  lists  the  guidelines  for  publica- 
tion of  MA.  The  items  are  self-explanatory,  except 
for  the  item  that  reads,  "publish  first,  present  later." 
Meinert"  explained  that  publication  should  precede 
presentation  so  that  findings  are  reported  in  scientif- 
ic journals  before  they  are  reported  in  the  news 
media. 

Problems  with  Meta-Analysis 

As  evidenced  by  the  growth  in  numbers  of  MAs 
done,  the  method  has  its  proponents.  However,  sev- 
eral major  problems  with  MA  methodology  have 
been  cited. 

•  Data  from  disparate  investigations  are  com- 
bjned.1736,44 

•  Data  from  low-quality  studies  are  includ- 
ed.'7.36,44 

•  Publication  bias  increases  statistical  error.--^''^ 

•  The  assumption  of  data  independence  is  violat- 

ed_i7,i8 

•  Retrospective  data  are  used.'" 

•  Inappropriate  statistical  methods  are  ap- 
plied.-*"-" 

The  mixture  of  disparate  studies  is  a  weakness  as 
well  as  a  strength  of  MA.  An  MA  is  invalidated  by 
the  combination  of  treatments  and  effects  that  are 
incommensurable.  On  the  other  hand,  disparate 
studies  may  bring  more  information  to  the  analysis 
and  increase  generalizability  of  effects  to  a  more  di- 
verse population.^''  The  analysis  of  heterogeneity  in- 
cluded in  MA  methodology  precludes  combination 
of  incommensurable  data. 

The  disposition  of  poor-quality  studies  was  ad- 
dressed earlier  in  this  paper.  There  seems  to  be  no 
systematic  relationship  between  study  quality  and 
ES.  If  such  a  relationship  is  found,  it  can  be  detected 


Table  2.    Guidelines  for  Meta-Analysis  Publication* 

When  and  where? 

Publish  first,  present  later 
Peer-reviewed  journals 
Title 

Include  the  term,  meta-analysis 
Indicate  type  of  trial  or  treatment  being  evaluated 
Abstract 

Brief  summary  including  methods,  results  (with  data),  and 
conclusion 
Introduction 

Purpose  of  the  analysis 
Treatment(s)  to  be  evaluated 
Methods 

Search  and  identification  methods 
Selection  method 
List  the  studies 
Identified 

Included  for  analysis 
Excluded  and  why 
Design  features  of  studies  including 
Subject  enrollment  criteria 
Study  population  demographic  characteristics 
Sample  size 

Treatment  dose  and  administration 
Adherence  to  protocol 
Missing  data 
Methods  of  bias  control  in  the  selection  and  analysis 

process 
Data  collection  procedures  for  unpublished  information 
Quality  control  procedures  related  to  the  meta-analysis 
Methods  and  rationale  of  statistical  analysis 
Resuhs 

Estimated  treatment  effect,  associated  confidence  intervals, 

and  p  values 
Enumeration  of  analyses  and  results  for  selected  subsets  of 
studies  and  conditioning  variable  to  assess  robustness  of 
estimated  treatment  effect 
Discussion 

Interpretation  of  major  findings 
Comparison/contrast  of  results  with  previous/parent 
studies 
Conclusion 

Conclusion  regarding  safety  and  efficacy  of  treatment 
Limitations  and  caveats  concemina  conclusion 


*  Adapted  from  Reference  23. 


and  controlled  for  with  MA  methodology.  Chal- 
mers"*^ pointed  out  that  many  inadequacies  of  pri- 
mary studies  would  have  remained  unrecognized  if 
not  for  MA. 

Data  are  dependent  when  the  same  subjects  have 
participated  in  more  than  one  study  included  in  an 
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MA.'"*  For  instance,  if  an  investigator  uses  the  same 
sample  for  two  separate  experiments,  and  the  results 
from  these  are  combined  in  an  MA,  the  assumption 
of  independence  has  been  violated.  This  is  a  special 
concern  because  independence  of  data  is  an  impor- 
tant assumption  for  statistical  inference.  Special  sta- 
tistical techniques  are  needed  to  combine  dependent 
data.-"  It  is  also  possible  for  a  single  study  to  be  re- 
ported in  multiple  sources  and  mistaken  for  multiple 
studies  in  an  MA.  This  may  lead  to  multiple  inclu- 
sions of  the  same  data  and  a  violation  of  the  inde- 
pendence assumption. 

Whenever  data  exist  before  a  study  begins,  as 
with  MA,  the  research  is  retrospective.  The  problem 
with  this  is  that  pre-existence  of  data  increases 
probability  for  researcher  bias.-***  As  discussed  earli- 
er, controlling  for  this  involves  blinding  of  re- 
searchers to  authorship,  sites,  and  results  of  candi- 
date studies  during  selection.''"*"'*' 

The  appropriateness  of  statistical  techniques  ap- 
pears to  be  an  issue  that  will  remain  unsettled  for 
some  time.  Because  MA  is  evolving,  we  should  ex- 
pect changes  in  its  methodologies.  Keeping  abreast 
of  research-methodology  literature  will  help  here. 
My  best  advice  for  handling  this  problem  is  to  enlist 
the  service  of  a  good  statistician. 

In  Summary 

Despite  the  problems  with  current  MA  methods, 
the  only  way  to  avoid  integrating  research  findings 
is  to  ignore  all  studies  on  a  question  except  one.'** 
Which  one  should  we  choose?  The  largest?  The 
most  recent?  If  we  integrate,  should  we  do  it  qualita- 
tively or  quantitatively?  Qualitative  synthesis  serves 
well  for  certain  purposes.  However,  I  am  convinced 
that  MA  is  superior  for  integration  of  quantitative 
results  because  it  is  systematic  and  objective,  and 
therefore  more  precise  than  the  alternatives.  When 
raw  data  are  available  and  used  for  the  analysis,  the 
MA  may  be  more  reliable  than  when  summary  sta- 
tistics from  primary  studies  are  used.  Again,  the 
problem  is  availability  of  raw  data. 

Despite  all  of  the  MAs  listed  in  MEDLINE,  there 
is  a  shortage  of  MAs  directly  pertinent  to  respira- 
tory care.  Using  the  term  "respiratory"  to  search 
MEDLINE,  I  located  only  25  such  studies.  Two 
of  these  are  included  in  the  references  for  this 
paper,^^ ■■*•*  and  a  few  more  are  listed  in  the  annotated 
bibliography  in  Appendix  2.  Respiratory  care  re- 
search literature  has  accumulated  to  the  point  that 


MAs  on  certain  topics  are  probably  indicated. 
Examples  of  possible  topics  include  postural  drain- 
age, incentive  spirometry,  and  various  modes  of  me- 
chanical ventilation.  Primary  studies  on  such  topics 
exist;  the  next  logical  step  is  to  consider  synthesiz- 
ing them  in  an  MA. 

Because  findings  from  MA  may  guide  clinical 
decisions,  the  conduct  and  reporting  of  MA  require 
the  scientific  rigor  of  clinical  trials.'"'"*""''*  It  has  been 
suggested  that  introductions  to  research  proposals 
consist  of  an  MA  instead  of  the  usual  qualitative  re- 
view.'*'"*''This  may  become  a  standard  requirement 
of  funding  agencies. 

My  wish  is  that  this  article  offers  the  reader  a 
working  knowledge  of  MA  methodology.  Respi- 
ratory care  practitioners  should  be  at  least  mini- 
mally skilled  in  reading  reports  of  research  in  which 
many  different  approaches  or  designs  have  been 
employed.  I  believe  that  the  education  of  all  health 
professionals  should  include  instruction  in  basic  re- 
search methods,  including  those  of  meta-analysis. 
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APPENDIX  1 
Glossary  of  Terms 


A  priori  (hypothesis):  One  that  is  stated  during  the  design 
phase  of  a  study,  before  data  are  collected. 

Bias:  Systematic  error — a  tendency  for  the  dependent  variable 
to  deviate  in  one  direction  that  is  not  due  to  the  influence  of  the 
independent  variable.  Selection  bias  is  the  distortion  of  the  sam- 
ple due  to  a  consistent  influence  (ie.  subjects  are  not  representa- 
tive of  the  population)  and  is  a  flaw  in  the  design.  Random  error 
is  that  distortion  of  the  dependent  variable  that  is  inherent  in  all 
estimates  of  population  parameters. 

Composite  effect  size:  The  average  effect  size  for  studies  in- 
cluded in  a  meta-analysis — usually  weighted  by  several  factors 
like  sample  size. 

Convenience  sample:  The  selection  of  units-of-analysis  on  the 
basis  of  their  accessibility. 

Effect  size:  The  calculated  difference  between  control  and  ex- 
perimental groups  on  a  dependent  variable,  or  the  degree  to 
which  a  treatment  affects  an  outcome.  Can  be  expressed  in  var- 
ious metrics  such  as  standardized  mean  difference  (5),  correla- 
tion coefficient  (p),  and  %  difference  in  number  of  events. 

Fail-safe  n:  The  number  of  studies  with  nonsignificant  results 
that  would  convert  a  significant  composite  effect  size  to  a  non- 
significant one.  A  large  fail-safe  n  implies  the  stability  of  the 
composite  ES  to  additional  studies. 

Fixed-effects  model:  This  model,  for  combining  effect  sizes  in 
a  meta-analysis,  assumes  that  the  entire  population  of  studies  is 
included  and  that  variation  among  effect  sizes  is  explained  by 
differences  in  study  characteristics. 

Null  hypothesis:  There  is  no  association,  in  terms  of  effect  or 
otherwise,  between  the  independent  variable  (intervention)  and 
the  dependent  variable  (outcome).  Rejection  of  the  null  hypoth- 
esis is  only  possible  when  the  probability  that  il  is  true  is  very 
small. 

Probability  sample:  Subjects  for  a  study  (studies  for  a  meta- 
analysis) are  randomly  selected — every  subject  in  the  popula- 
tion has  an  equal,  non-zero,  probability  of  selection. 

Publication  bias:  Also  known  as  the  iceberg  phenomenon,  edi- 
torial gatekeeping,  and  file-drawer  problem — the  tendency  for 


studies  that  yield  popular  or  statistically  significant  results  to  be 
published,  whereas  those  with  unpopular  or  nonsignificant  re- 
sults are  rejected. 

Quantitative  synthesis:  A  secondary  quantitative  analysis  of 
results  of  studies  done  on  the  same  topic  to  determine  whether 
there  is  a  composite  effect.  This  hypothesis  can  be  tested  statis- 
tically. There  are  currently  3  types: 

Meta-analysis  of  the  literature  combines  summary  statis- 
tics from  primary  studies  to  yield  a  composite  effect  size. 

Meta-analysis  of  patient  data  combines  raw  patient  data 
from  primary  studies  to  yield  a  composite  effect  size. 

Cumulative  meta-analysis  is  an  analysis  of  the  literature 
that  keeps  a  running  tab  of  a  composite  effect  size  and  is 
updated  as  new  studies  accumulate. 

Random-effects  model:  This  model,  for  combining  effect 
sizes  in  a  meta-analysis,  assumes  that  only  a  sample  of  the  pop- 
ulation of  studies  is  included  that  introduces  an  additional 
source  of  variation  between  the  composite  effect  size  from  the 
sample  and  the  population  effect  size. 

Statistical  power:  The  probability  of  rejecting  a  false  null  hy- 
pothesis— also  stated  as  the  probability  of  avoiding  Type  11 
error.  For  a  given  test  statistic,  statistical  power  is  directly  pro- 
portional to  effect  size  and  sample  size. 

Type  I  error:  The  probability  of  rejecting  a  null  hypothesis 
when  it  is  true.  This  is  also  alpha  or  the  level  of  significance  de- 
termined by  the  investigators  during  the  design  phase.  Suppose 
alpha  is  0.05 — that  means  that  the  investigators  have  decided 
that  the  risk  of  rejecting  a  true  null  hypothesis  must  be  less  than 
5%  before  they  will  accept  a  difference  as  significant. 

Type  II  error:  The  probability  of  accepting  a  null  hypothesis 
when  it  is  false.  This  is  al.so  called  beta  and  is  determined  by  the 
investigators  during  the  design  phase.  Suppose  that  beta  is 
0.10 — that  means  that  the  investigators  have  decided  that  the 
risk  of  accepting  a  false  null  hypothesis  must  be  less  than  10% 
before  they  will  accept  a  difference  as  significant  (even  if  alpha 
is  less  than  5%). 
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APPENDIX  2 
Annotated  Bibliography 


Books: 

Cook  TD,  Cooper  H.  Cordray  DS.  Hartmann  H.  Hedges  L, 
Light  RJ,  et  al.  Meta-analysis  for  explanation:  a  casebook.  New 
York:  Russell  Sage  Foundation,  1992.  (Reference  24) 

Authored  by  a  niultidisciplinary  team  of  scholars  of  MA, 
this  te.xt  includes  four  exemplary  MAs  from  various  fields  of 
research.  They  used  these  MAs  to  illustrate  MA  methodologies 
and  describe  how  MA  can  detect  and  explain  study-ES  interac- 
tions. Includes  an  annotated  bibliography. 

Cooper  HM.  Integrating  research:  a  guide  for  literature  reviews, 
2nd  ed.  Newbury  Park  CA:  Sage  Publications,  1989.  (Refer- 
ence 5) 

Provides  theoretical  background  on  MA,  focusing  on  social 
science  research.  Does  not  describe  quantitative  methods  in  de- 
tail. 

Glass  GV,  McGaw  B,  Smith  ML.  Meta-analysis  in  social  re- 
search. Beverly  Hills  CA:  Sage  Publications,  198L  (Reference 
13) 

Provides  theoretical  and  technical  information  on  MA  for 
social  sciences.  Quantitative  methods  have  evolved  since  publi- 
cation. 

Hedges  LV,  Olkin  I.  Statistical  methods  for  meta-analysis.  New 
York:  Academic  Press,  1985.  (Reference  20) 

A  detailed,  technical  statistics  text  of  methods  and  examples 
mostly  related  to  social  science  research.  Primarily  describes 
standardized  mean  difference  (d)  as  the  ES  metric,  but  explains 
conversions  between  d  and  other  metrics. 

Hedges  LV.  Shymansky  JA,  Woodworth  G.  A  practical  guide 
to  modem  methods  of  meta-analysis.  National  Science  Teach- 
ers Association  (NSTA),  1989.  (Reference  23) 

A  handbook  for  educators  interested  in  conducting  MA.  It 
outlines  and  explains  meta-analytic  procedures,  including  basic 
statistics  ($14.50,  including  shipping).  Available  from:  NSTA, 
1742  Connecticut  Ave,  Washington  DC  20009. 

Light  RJ,  Pillemer  DB.  Summing  up:  the  science  of  reviewing 
research.  Cambridge  MA:  Harvard  University  Press,  1984. 
(Reference  7) 

An  excellent  reference  for  theoretical  background  in  re- 
search integration.  Includes  in-depth  discussion  of  both  qualita- 
tive and  quantitative  syntheses.  Presents  "funnel  displays," 
which  support  intuitive  interpretation  for  several  aspects  of 
MA.  It  does  not  describe  quantitative  methods  in  detail. 


Journal  Articles  on  Meta-Analysis  Methodology: 

Boissel  JP,  Blanchard  J,  Panak  E,  Peyrieux  JC,  Sacks  H.  Con- 
siderations for  the  meta-analysis  of  randomized  clinical  trials: 
summary  of  a  panel  discussion.  Controlled  Clinical  Trials 
1989:10(3):254-281.  (Reference  25) 

A  summary  of  a  panel  discussion  on  MA  of  clinical  trials. 
Explains  rationale  for  MA  and  describes  methods.  Includes  1 1 
exemplary  MAs.  Provides  formulae  for  several  statistics. 

Dickersin  K,  Berlin  JA.  Meta-analysis:  state-of-the-science. 
Epidemiol  Rev  1992;14:154-176.  (Reference  19) 

A  theoretical  review  of  MA,  which  focuses  on  application  of 
the  method  to  medicine.  Identifies  statistical  techniques  and 
discusses  current  issues  on  MA.  Provides  140  references. 

Felson  DT.  Bias  in  meta-analytic  research.  J  Clin  Epidemiol 
1992;45(8):885-892.  (Reference  34) 

Describes  sources  of  bias  for  MAs  and  methods  to  avoid 
these. 

Laird  NM,  Mosteller  F.  Some  statistical  methods  for  combining 
experimental  results.  Int  J  Technol  Assess  Health  Care  1990:6 
(l):5-30.  (Reference  46) 

Presents  common  statistical  methods  for  MA  in  both  social 
and  medical  sciences.  Includes  statistics  such  as  Mantel- 
Haenszel,  DerSimonian  and  Laird.  Provides  56  references. 

Rosenthal  R.  Meta-analysis:  a  review.  Psychosom  Med  1991; 
53(1 3):247-27 1.  (Reference  14) 

Explains  statistical  methods,  including  calculation  of  com- 
bined probabilities,  ES,  and  fail-safe  N.  Illustrates  the  binomial 
effect  size  display  for  ES.  Provides  88  references. 

Examples  of  Meta-Analysis: 

Callahan  CM,  Dittus  RS,  Katz  BP.  Oral  corticosteroid  therapy 
for  patients  with  stable  chronic  obstructive  pulmonary  disease: 
a  meta-analysis.  Ann  Intern  Med  1991:1 14(3):2l6-223. 

Cohen  PA.  Computer-based  instruction  and  health  professions 
education:  a  meta-analysis  of  outcomes.  Eval  Health  Prof  1992; 
15:259-281. 

McNeil  BJ,  Nelson  KR.  Meta-analysis  of  interactive  video  in- 
struction: a  10-year  review  of  achievement  effects.  J  Computer- 
Based  Instruction  1 99 1 ;  1 8: 1  -6. 

Mullen  M,  Mullen  B,  Carey  M.  The  association  between  beta- 
agonist  use  and  death  from  asthma:  a  meta-analytic  integration 
of  case-control  studies.  JAMA  I993;270(  15):1842-1845. 

Rowe  BH,  Keller  JL,  Oxman  AD.  Effectiveness  of  steroid  ther- 
apy in  acute  exacerbations  of  asthma:  a  meta-analysis.  Am  J 
EmergMed  1992:10(4):301-310. 
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Symposium  Papers 


New  Horizons  IX: 
Cost-Effectiveness  of  Respiratory  Care  in  the  ICU 


Since  its  introduction  in  1985,  the  New  Horizons  Symposium  has 
been  a  feature  of  each  AARC  Annual  Meeting,  bringing  Meeting  atten- 
dees and,  later.  Journal  readers  the  best  and  latest  information  on  new 
therapies,  new  devices,  and  new  issues  related  to  healthcare  delivery. 

The  ninth  annual  New  Horizons  Symposium  "Cost-Effectiveness  of 
Respiratory  Care  in  the  ICU" — a  feature  of  the  1993  AARC  Annual 
Meeting  held  in  Nashville,  Tennessee,  December  11-14,  1993,  chaired 
by  David  J  Pierson  MD — focused  on  cost  issues  and  clinical  efficacy  of 
the  principal  procedures  with  which  respiratory  care  practitioners  are 
concerned  in  the  ICU.  As  practitioners,  we  cannot  escape  the  charge  to 
provide  evidence  of  both  clinical  efficacy  and  cost-effectiveness  in 
every  service  that  we  provide  to  patients. 

The  critical  evaluations  and  discussions  of  the  five  topics 

•  Monitoring  Gas  Exchange:  Cost/Benefit  Considerations,  by 
Charles  G  Durbin  Jr  MD 

•  Management  of  Bronchospasm  in  Intubated  Patients:  Detection, 
Quantitation,  and  Bronchodilator  Administration,  by  Dean  R  Hess 
MEd  RRT 

•  Chest  Imaging  in  Critically  111  Patients:  Which,  When,  and  Why?, 
by  John  E  Heffner  MD 

•  The  Management  of  Airway  Secretions  in  the  ICU,  by  Marc  A 
Judson  MD 

•  Managing  the  Ventilator:  Ventilator  Checks  and  Circuit  Changes, 
by  Robert  S  Campbell  RRT 

were  consistent  with  the  Annual  Meeting  theme  "New  Roles,  New 
Rules,  New  Responsibilitites"  and  were  designed  to  provide  practition- 
ers with  information  necessary  for  making  decisions  that  are  both  clini- 
cally appropriate  and  cost-effective. 

In  this  issue,  Heffner  and  Klein  face  squarely  the  questions  related  to 
the  "routine"  daily  chest  radiograph,  explaining  when  the  chest  radio- 
graph has  been  shown  to  provide  important  infomiation  and  when  it 
has  failed  to  do  so.  They  describe  the  role  of  the  computed  tomogram 
(CT)  and  compare  it  in  appropriateness  and  cost  to  the  chest  radio- 
graph. 

Papers  based  on  the  other  presentations  will  appear  in  future  issues 
of  the  Journal. 
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Chest  Imaging  in  Critically  111  Patients: 
Analysis  of  Clinical  Value 

John  E  Heffner  MD  and  Jeffrey  Klein  MD 


In  few  other  clinical  areas  does  the  nation's  con- 
cern over  rising  national  healthcare  expenditures 
promise  to  create  a  greater  impact  than  in  the  prac- 
tice of  critical  care  medicine.  Recent  data  indicate 
that  40%  of  all  healthcare  costs  are  directed  to  inpa- 
tient hospital  services,  and  20%  of  these  expendi- 
tures finance  the  management  of  patients  in  inten- 
sive care  units  (ICUs).  During  the  last  decade,  the 
6.2%/year  growth  rate  of  ICU  beds  has  surpassed 
the  1.4%/year  expansion  rate  of  general  hospital 
beds.  If  these  trends  continue,  it  is  estimated  that 
critical  care  medicine,  which  already  consumes  1% 
of  the  gross  national  product,  will  become  one  of 
the  primary  driving  forces  of  healthcare  economics. 

In  response  to  critical  care  demands  that  are 
rapidly  outstripping  society's  ability  to  pay,  ICU 
teams  increasingly  require  the  development  of  man- 
agement strategies  that  enhance  patient  outcome 
while  contracdng  or  at  least  limiting  the  expansion 
of  resource  consumption.  A  category  of  care  that  re- 
quires vigilant  cost-control  is  diagnostic  laboratory 
and  radiography  utilization,  which  account  for  25% 
of  a  typical  inpatient  hospital  bill.'  It  is  estimated 
that  a  700-bed  tertiary  care  medical  center  performs 
30,000  chest  radiographs  each  year,  and  that  nearly 
18,000  of  these  examinations  are  generated  on  a 
"routine"  basis,  independent  of  any  clinical  event  or 


Dr  Heffner  is  Chairman  of  Academic  Internal  Medicine, 
Department  of  Medicine,  and  Dr  Klein  is  Staff  Chest  Radiol- 
ogist, Department  of  Radiology — St  Joseph's  Hospital  and 
Medical  Center,  Phoenix,  Arizona. 

A  version  of  this  paper  was  presented  by  Dr  Heffner  as  part  of 
the  New  Horizons  symposia  entitled  "Cost-Effectiveness  of 
Respiratory  Care  in  the  ICU,"  at  the  1993  Annual  Meeting  of 
the  AARC  in  Nashville.  Tennessee. 

Reprints:  John  E  Heffner  MD.  Department  of  Medicine,  St 
Joseph's  Hospital  and  Medical  Center,  350  West  Thomas  Road, 
Phoenix  AZ  85251. 


change  in  a  patient's  clinical  status.  Furthermore,  up 
to  65%  of  these  routine  chest  radiographs  are  per- 
formed on  patients  in  an  ICU  setting.-  The  expand- 
ing applications  of  computerized  tomography  (CT) 
in  the  care  of  critically  ill  patients  promise  to  further 
increase  overall  costs  of  radiographic  diagnostic 
evaluations  in  the  ICU. 

This  article  reviews  current  critical  care  practice 
patterns  for  ordering  radiographic  examinations  of 
the  chest  in  critically  ill  patients.  Studies  are  re- 
viewed that  identify  the  clinical  value  of  these  stud- 
ies, establish  acceptable  indications,  and  assist  in 
formulating  an  efficient  and  effective  strategy  for 
their  udlization. 

The  Portable  Chest  Radiograph 

Critically  ill  padents  have  complex  medical  and 
surgical  conditions,  undergo  extensive  invasive  di- 
agnostic and  therapeutic  procedures,  and  frequently 
experience  cardiopulmonary  complications  that 
contribute  to  a  poor  clinical  outcome.  Because 
chest-wall  abnormalities,  indwelling  tubes  and 
catheters,  and  conducted  sounds  from  mechanical 
ventilators  reduce  the  sensitivity  of  the  bedside 
physical  examination,  ICU  patients  undergo  fre- 
quent examinations  with  portable  chest  radiographs 
to  evaluate  and  monitor  clinical  status.^  For  these 
reasons,  the  portable  chest  radiograph,  which  in  our 
insdtution's  experience  is  twice  as  expensive  as  a 
study  performed  in  the  radiology  department,  has 
become  the  most  commonly  performed  radiograph- 
ic procedure  in  the  ICU. 

Established  practice  patterns  show  that  clinicians 
have  utilized  portable  chest  radiographs  in  four  gen- 
eral clinical  situations  in  critically  ill  padents:  ( 1 )  to 
evaluate  thoracic  disease  on  admission  to  the  ICU; 
(2)  to  examine  patients  who  experience  a  change  in 
clinical  status,  with  cardiopulmonary  abnormalities 
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or  signs  of  sepsis;  (3)  to  establish  the  success  of 
catheter  or  tube  placement  and  the  absence  of  com- 
plications after  interventional  procedures;  and  (4)  to 
monitor  patients  with  daily  routine  chest  radio- 
graphs for  the  onset  of  new  cardiopulmonary  condi- 
tions, the  progression  of  established  disorders,  and 
unanticipated  complications  of  care. 

Portable  Chest  Radiographs  on 
ICU  Admission 

The  results  of  clinical  investigations  have  limited 
the  indications  in  certain  patients  without  critical  ill- 
nesses for  posterior-anterior  and  lateral  chest  radio- 
graphs on  first  contact  with  a  physician  or  at  hospi- 
tal admission."*  These  patient  categories  include  ( 1 ) 
asymptomatic  patients  undergoing  routine  screen- 
ing for  tuberculosis,''  lung  cancer,^  or  cardiopul- 
monary disease;'  (2)  patients  less  than  20  years  of 
age  admitted  to  the  hospital  without  suspected  car- 
diopulmonary disease;**  (3)  patients  undergoing  rou- 
tine follow-up  for  known  cardiopulmonary  condi- 
tions;"* and  (4)  ambulatory  young  adult  patients  un- 
dergoing evaluation  of  acute  chest  complaints  when 
physical  findings  or  clinically  important  symptoms 
such  as  hemoptysis  are  lacking."**^  Some  investiga- 
tors have  suggested  that  routine  hospital  admission 
chest  radiographs  in  any  adult  patient  without  car- 
diopulmonary symptoms  offer  little  diagnostic  ben- 
efit because  the  majority  of  'discovered'  findings 
are  previously  known,  chronic,  and  stable.'" 

In  contrast,  40  to  50%  of  critically  ill  patients  ad- 
mitted to  inedical  or  surgical  ICU  settings  have  an 
acute  abnormality  noted  on  the  admission  chest  ra- 
diograph."'- The  most  common  findings  include 
congestive  heart  failure,  pleural  effusion,  atelecta- 
sis, focal  infiltrates,  and  diffuse  infiltrates."  The 
majority  of  these  findings  result  in  the  implmenta- 
tion  of  otherwise  unplanned  diagnostic  or  therapeu- 
tic interventions.'-  Furthermore,  as  many  as  one 
third  of  patients  arrive  in  the  ICU  with  a  newly 
placed  endotracheal  tube,  central  venous  catheter,  or 
chest  lube  that  may  warrant  radiographic  confirma- 
tion of  position  or  detection  of  associated  complica- 
tions." Bekemeycr  and  co-workers'-  established 
that  routine  ICU-admission  chest  radiographs  had 
the  highest  diagnostic  yield  compared  to  chest  ra- 
diographs obtained  at  any  other  lime  during  a  pa- 
tient's ICU  stay. 


It  remains  possible,  however,  that  certain  patient 
categories,  such  as  patients  with  uncomplicated 
upper  or  lower  gastrointestinal  hemorrhages,  may 
not  experience  sufficient  diagnostic  benefit  to  justi- 
fy a  routine  ICU  admission  chest  radiograph  in  the 
absence  of  cardiopulmonary  signs  or  symptoms. 
However,  until  clinical  investigations  identify  spe- 
cific patient  subgroups  with  low  probabilities  of 
demonstrating  clinically  important  radiographic 
findings,  a  chest  radiograph  on  admission  to  the 
ICU  appears  to  be  indicated  in  all  critically  ill  pa- 
tients. 

Chest  Radiographs  To  Evaluate 
Changed  Clinical  Status 

Critically  ill  patients  experience  a  broad  range  of 
systemic  and  cardiopulmonary  complications  that 
are  difficult  to  evaluate  by  physical  examination 
alone  because  these  events  have  overlapping  signs 
and  symptoms.  For  example,  sepsis  syndrome  often 
presents  with  dyspnea  and  hyperventilation  that 
may  simulate  an  isolated  respiratory  disorder.  Simi- 
larly, a  tension  pneumothorax  with  resultant  elec- 
tromechanical dissociation  may  masquerade  as  a 
primary  cardiac  event.  Intubated  patients  undergo- 
ing mechanical  ventilation  are  at  particular  risk  of 
sudden  changes  in  clinical  status  due  to  pulmonary 
emboli,  barotrauma,  or  nosocomial  pneumonia." 

It  is  commonly  held  that  portable  chest  radio- 
graphs provide  important  infomialion  in  critically 
ill  patients  who  experience  sudden  changes  in  clini- 
cal status.  In  a  study  of  167  ICU  patients  undergo- 
ing 1,354  portable  chest  radiographs,  Bekemeyer 
and  co-workers'-  observed  that  43%  of  radiographs, 
obtained  because  of  a  change  in  clinical  status, 
demonstrated  new  findings  that  resulted  in  adjust- 
ments of  therapy  or  institution  of  new  diagnostic 
procedures.  More  than  57%  of  these  chest  radio- 
graphs resulted  in  new  clinical  actions  if  adjust- 
ments of  tubes  or  catheters  were  added  to  the  data.'- 
In  a  study  of  .severely  ill  patients  hospitalized  out- 
side the  ICU,  Berlowitz  and  co-workers  observed 
that  49%  of  chest  radiographs  obtained  for  worsen- 
ing clinical  status  had  positive  radiographic  find- 
ings.'"* To  our  knowledge,  no  other  clinical  studies 
exist  that  report  the  diagnostic  yield  of  portable 
chest  radiographs  obtained  expressly  for  changes  in 
clinical  status. 
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It  is  unclear,  however,  which  specific  changes  in 
clinical  status  should  trigger  an  order  for  a  chest  ra- 
diograph in  critically  ill  patients  because  these  con- 
ditions are  not  clearly  defined  in  most  existing  stud- 
ies of  ICU  patients.  Furthermore,  no  study  per- 
formed in  ICU  patients  examines  the  ability  of 
physicians  to  predict,  on  the  basis  of  bedside  exami- 
nation, which  radiographs  will  demonstrate  clinical- 
ly important  findings  when  changes  in  the  patient's 
clinical  status  occur.  Data  do  exist  for  seriously  ill, 
non-ICU  patients  with  changes  in  clinical  status  in- 
dicating that  physicians  have  poor  predictive  accu- 
racy in  determining  prospectively  which  patients 
will  have  radiographs  showing  new  findings  that 
will  redirect  care.''' 

At  present,  critically  ill  patients  who  demonstrate 
changes  in  clinical  status  suggestive  of  a  pneumo- 
thorax, pleural  effusion,  pulmonary  edema,  pulmo- 
nary infection,  pulmonary  infarction,  or  other  radio- 
graphically  demonstrable  disorder  should  undergo 
evaluation  with  a  portable  radiograph.  Additional 
studies  are  required  to  determine  whether  physi- 
cians can  predict  for  a  critically  ill  patient  the  yield 
of  a  radiograph  on  the  basis  of  clinical  or  laboratory 
findings,  the  nature  of  the  underlying  clinical  condi- 
tion, or  the  results  of  yet-to-be-devised  clinical 
scoring  systems  to  allow  more  selective  ordering  of 
chest  radiographs  after  acute  events. 

Post-Procedure  Portable  Chest  Radiographs 

Critically  ill  patients  undergo  multiple  interven- 
tional procedures  such  as  tracheal  intubation,  tra- 
cheotomy, central  venous  catheter  placement,  and 
chest  tube  insertion.  These  procedures  have  inher- 
ent risks  for  intrathoracic  complications  that  can  be 
detected  on  portable  chest  radiographs. 

Translaryngeal  tracheal  intubation  can  result  in 
tube  misplacement  into  the  main-stem  bronchi  in  1- 
10%  of  patients.'"^"*  Confirmation  of  ideal  position- 
ing of  the  endotracheal  tube  tip  4  to  6  cm  above  the 
carina  is  required  because  tubes  can  migrate  several 
centimeters  with  neck  extension  and  flexion.'*^ 
Women  are  at  particular  risk  for  right  main-stem  in- 
tubation compared  to  men  because  of  their  more 
diminutive  anatomy.'"^  A  postintubation  chest  radio- 
graph can  additionally  evaluate  the  tube  cuff  size 
after  inflation  (Fig.  1 );  the  cuff  should  not  be  more 
than  1 .5  times  the  diameter  of  the  tracheal  caliber  in 
order  to  prevent  tracheal  injury.-" 


Fig.  1 .  Portable  chest  radiograph  demonstrates  hyperinfla- 
tion of  an  endotracheal  tube  cuff  and  dilatation  of  the  tra- 
chea. The  cuff  cross-sectional  diameter  is  greater  than  1 .5 
times  the  diameter  of  the  trachea. 

The  value  of  postintubation  chest  radiographs 
derives  from  the  difficulty  of  determining  endotra- 
cheal tube  position  from  the  bedside  physical  exam- 
ination. Critically  ill  patients  with  pulmonary  disor- 
ders— especially  those  mechanically  ventilated — 
may  have  a  bronchial  quality  to  their  breath  sounds-^ 
that  can  transmit  to  the  contralateral  side-'  from  a 
main-stem  intubation.  The  need  to  document  tube 
position  has  prompted  recommendations  to  obtain 
chest  radiographs  in  all  patients  after  endotracheal 
intubation.'"^ 

Several  studies  support  the  recommendation  for 
postintubation  chest  radiographs.'"^'**  In  219  patients 
undergoing  intubation,  Brunei  and  co-workers'''  de- 
termined that  14%  of  patients  required  tube  reposi- 
tioning and  that  the  physical  examination  (including 
cuff  ballottement  in  the  suprasternal  notch  and  at- 
tention to  reference  centimeter  marks  on  the  endo- 
tracheal tubes)  was  not  entirely  reliable  in  confirm- 
ing correct  placement.  More  recently.  Gray  and  co- 
workers'* found  that  29%  of  endotracheal  tubes 
placed  in  critically  ill  patients  were  malpositioned, 
although  only  one  patient  had  a  main-stem  intuba- 
tion. In  that  study,  28  of  the  106  endotracheal  tubes 
considered  by  physicians  to  be  properly  placed  re- 
quired re-adjustment  after  radiographic  evaluation 
(ie,  28  were  false  negatives)."* 


RESPIRATORY  CARE  •  JANUARY  "94  Vol  39  No  I 


53 


CHEST  IMAGING  IN  CRITICALLY  ILL  PATIENTS 


Based  on  available  data,  a  postintubation  chest 
radiograph  is  indicated  for  nearly  all  patients  under- 
going translaryngeal  intubation.  Exceptions  include 
patients  intubated  with  the  assistance  of  a  fiberoptic 
bronchoscope,  which  can  adequately  determine  the 
position  of  the  tube  above  the  carina.--  The  value  of 
a  portable  chest  radiograph  after  an  uncomplicated 
tracheotomy — either  by  the  standard  or  percuta- 
neous technique — has  not  been  evaluated.  It  seems 
doubtful,  however,  that  a  chest  radiograph  will 
demonstrate  new  clinically  important  findings  in 
patients  with  normal  anatomy  and  no  postoperative 
difficulties  who  undergo  placement  of  standard- 
sized  tracheotomy  tubes. 

Insertion  of  central  venous  catheters  via  subcla- 
vian vein  or  lower  cervical  puncture  sites  can  result 
in  hemothoraces  and  pneumothoraces.  Furthermore, 
subclavian  or  internal  jugular  venous  catheters  may 
advance  into  incorrect  positions  such  as  the  internal 
mammary,  azygous,  pericardiophrenic,  superior  in- 
tercostal, and  cervical  veins.  Catheter  tips  posi- 
tioned within  the  right  atrium  can  cause  cardiac  per- 
foration and  acute  pericardial  tamponade.  Left-side 
catheters  placed  through  the  brachiocephalic  vein 
may  position  with  their  tips  adjacent  to  the  azygous 
recess  (Fig.  2),  which  results  in  a  higher  incidence 


of  catheter  erosion  into  the  mediastinum  and  pleural 
space  compared  to  catheter  tips  placed  in  the  superi- 
or vena  cava.-^  And,  finally,  Swan-Ganz  catheters 
positioned  too  far  into  the  pulmonary  circulation 
may  put  small  pulmonary  arteries  at  risk  of  rupture 
after  balloon  inflation,  although  supporting  data  for 
this  concern  are  lacking.-'* 

Although  chest  radiographs  are  commonly  per- 
formed after  insertion  of  venous  catheters,--''  few 
studies  exist  to  demonstrate  their  utility.  A  prospec- 
tive study  by  Bekemeyer  and  co-workers  that  evalu- 
ated 143  central  venous  catheter  insertions  reported 
only  5  pneumothoraces  (4%  incidence)  2  of  which 
were  already  strongly  suspected  by  the  clinicians 
before  the  radiograph.'-  Of  the  101  Swan-Ganz 
catheters  reported  in  this  study,  chest  radiographs 
indicated  a  need  for  re-adjustment  of  position  in  24 
patients;  19  of  these  24  catheters  were  re-adjusted 
because  of  overly  distal  catheter  placement, '- 
which,  as  previously  stated,  has  not  been  clearly 
demonstrated  to  produce  risk  of  pulmonary  vascular 
complications.  This  study  did  not  provide  specific 
data  on  the  rate  of  central  venous  catheter  misplace- 
ment but  noted  malpositionings  in  only  7.9%  of  all 
venous  catheters,  endotracheal  tubes,  Swan-Ganz 
catheters,  and  chest  tubes  combined. 


Fig.  2A.  Chest  radiograph  obtained  1  day  after  insertion  of 
a  left-side  central  venous  catheter  demonstrates  the 
catheter  tip  (arrow)  positioned  at  the  azygous  recess  and 
a  right  pleural  effusion. 


Fig.  2B.  Radiocontrast  injected  through  the  catheter 
shows  extravasation  into  the  mediastinum.  The  pleural  ef- 
fusion resulted  from  erosion  of  the  catheter  through  cen- 
tral venous  structures. 
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More  recently.  Gray  and  co-workers"*  examined 
the  incidence  of  important  radiographic  findings  in 
patients  undergoing  central  line  placement  and  the 
ability  of  physicians  to  predict  the  observed  compli- 
cations. Of  147  internal  jugular  cannulations.  only  4 
complications  occurred,  and  clinicians  predicted  3 
of  the  4  complications  on  the  basis  of  bedside  obser- 
vations. Of  the  47  subclavian  cannulations,  compli- 
cations occurred  in  8  patients;  clinicians  suspected 
the  presence  of  the  complications  in  5  of  the  8  pa- 
tients. Complications  occurred  in  13  of  the  132 
Swan-Ganz  catheter  placements;  clinicians,  careful- 
ly examining  the  pressure  waveform,  suspected  the 
complications  in  12  of  the  13  patients. 

It  appears  on  the  basis  of  available  data,  there- 
fore, that  insertion  of  a  central  venous  catheter  in  a 
critically  ill  patient  results  in  a  low  rate  of  complica- 
tions. The  majority  of  these  complications  are  sus- 
pected by  the  physician  who  places  the  catheter  so 
that  postprocedure  chest  radiographs  can  be  re- 
served for  selected  patients  who  appear  likely  to 
have  radiographic  findings.  These  recommenda- 
tions appear  most  reasonable  for  institutions  that 
have  complication  rates  for  venous  catheterization 
similar  to  the  low  rates  reported  in  the  literature.'** 

Postprocedure  portable  chest  radiographs  appear 
to  be  clearly  indicated  in  critically  ill  patients  under- 
going chest  tube  placement  for  a  pneumothorax, 
hemothorax,  or  thoracic  empyema.  Up  to  29%  of 
blindly  inserted  chest  tubes  are  misplaced  into  a 
lung  fissure,  which  limits  the  tube's  capacity  to 
drain  the  pleural  space  and  predisposes  the  patient 
to  localized  pulmonary  infarction  from  suction  in- 
jury to  the  lung.-*' Chest  tubes  can  also  enter  subcu- 
taneous tissue  planes  (Fig.  3p  or  the  pulmonary 
parenchyma  in  the  absence  of  clinically  apparent 
signs  or  symptoms.  A  portable  chest  radiograph 
supplemented  by  a  lateral  view  is  also  needed  to  en- 
sure intended  placement  into  the  anterior  or  posteri- 
or regions  of  the  hemithorax  or  into  loculated  pleu- 
ral fluid  collections.  Some  chest  tube  insertions  may 
require  evaluation  by  chest  CT  to  confirm  correct 
positioning  in  patients  with  pleural  fluid  locula- 
tions. 

Daily  Routine  Chest  Radiographs 

Although  it  would  .seem  that  the  severity  of  ill- 
ness and  the  high  incidence  of  cardiopulmonary  dis- 


Fig.  3.  Postinsertion  chest  radiograph  demonstrates 
chest-tube  misplacement  into  an  extrathoracic  subcuta- 
neous tissue  plane.  The  chest-tube  tip  is  angled  toward 
the  right  shoulder  (arrow). 

orders  in  ICU  patients  would  justify  daily  chest 
radiographs,  critics  of  ICU  practice  patterns  suggest 
that  daily  routine  chest  radiographs  are  grossly 
overutilized.-**-'^  To  determine  the  potential  value  of 
routine  chest  radiographs  in  critically  ill  patients, 
several  retrospective  and  prospective  studies  have 
examined  ( 1 )  the  incidence  of  new  findings  on  daily 
routine  radiographs,  (2)  the  incidence  of  new  find- 
ings that  are  otherwise  clinically  unexpected,  (3)  the 
clinical  importance  of  new  radiographic  findings  on 
prompting  diagnostic  or  therapeutic  physician  ac- 
tions, (4)  the  impact  of  new  findings  on  clinical  out- 
come, and  (5)  the  category  of  patients  most  likely  to 
demonstrate  abnormalities  on  routine  radiographic 
monitoring. 

The  incidence  of  new  findings  on  daily  che.st  ra- 
diographs ranges  among  studies  because  of  varying 
patient  populations  and  methods  for  separating 
daily  'routine"  from  admission  or  chest  radiographs 
obtained  after  a  change  in  the  patient's  clinical  sta- 
tus. Greenbaum  and  Marschall"'  reported  that  43% 
of  daily  chest  radiographs  demonstrated  worsening 
of  a  known  condition,  onset  of  a  new  condition,  or 
misplacement  of  a  catheter  or  tube.  Henschke  and 
co-workers"  observed  a  30  to  60%  incidence  of 
marked  cardiopulmonary  abnormalities  on  daily 
chest  radiographs.  Similarly,  Janower  and  col- 
leagues'" (in  a  study  of  patients  admitted  to  ICUs, 
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Table  1 .    Criteria  for  Major  and  Minor  Radiographic  Findings  in  the  Study  by  Hall  and  Co-Worl<ers- 


Major  Finding 


Minor  Finding 


ET*  tube  tip  at  or  below  carina 

ET  tube  at  or  above  vocal  cords 

Pneumothorax 

Pneumomediastinum 

Large  pleural  effusion 

Chest  tube  position  change  out  of  thorax 

Free  air  under  diaphragm 

Pulmonary  edema 

Lobar  collapse  or  atelectasis 

Lobar  infiltrate 

Pulmonary  cavitary  lesion 

NG  tube  in  airway 

NG  tube  tip  in  esophagus 

Evidence  for  pulmonary  embolus 

New  major  abdominal  finding 

CV  catheter  tip  in  RV 

CV  catheter  tip  outside  of  lumen 

PA  catheter  tip  in  RV 

Major  new  vascular  redistribution  in  lungs 


Small  change  in  ET  tube  position 

Interstitial  emphysema 

Small  pleural  effusion 

Stnall  change  in  chest  tube  position 

Atelectasis  in  <  1  lobe 

Collapse  in  <  1  lobe 

Infiltrate  in  <  1  lobe 

Small  change  in  NG  tube  position 

Sinall  change  in  CV  catheter  position 

Small  change  in  PA  catheter  position 

New  minor  abdominal  finding 

Small  changes  in  vascular  volume 


*ET  =  endotracheal;  NG  =  nasogastric;  RV  =  right  ventricular;  PA  =  pulmonary  artery;  CV  =  central  venous.  (From  Reference  2.  with  permission.) 


medical  and  surgical  floors,  or  the  emergency  de- 
partment) observed  that  37%  of  patients  had  new 
findings  on  follow-up  films.  Other  studies  have  in- 
dicated that  the  incidence  of  new  radiographic  find- 
ings on  daily  chest  radiographs  ranges  from  15  to 
45  %.-'-■■'- 

It  is  important  to  analyze  the  proportion  of  new 
radiographic  findings  that  are  unanticipated  on  the 
basis  of  the  patient's  morning  bedside  assessment. 
Strain  and  co-workers''-  found  in  a  population  of  pa- 
tients with  pulmonary  or  complicated  cardiac  condi- 
tions that  14  to  18%  of  routine  daily  chest  radio- 
graphs demonstrated  new  clinical  findings  that  were 
unanticipated  by  the  clinical  examination.  If  tube  or 
catheter  malpositionings  were  excluded  from  the 
data,  6%  of  radiographs  demonstrated  new,  unantic- 
ipated cardiopulmonary  findings.  In  a  group  of  intu- 
bated and  mechanically  ventilated  patients.  Hall  and 
colleagues-  found  that  new  minor  findings  (Table  1 ) 
occurred  in  30%  of  all  routine  daily  radiographs 
41%  of  which  were  unanticipated  by  bedside  as- 
sessment. These  investigators  clearly  limited  their 
study  to  routine  chest  radiographs,  excluding  radio- 
graphs within  36  hours  of  admission,  and  required 
careful  bedside  patient  assessment  before  examina- 


tion of  the  morning  radiographs.  New  major  find- 
ings (Table  1 )  were  observed  in  8%  of  all  radio- 
graphs performed,  42%  of  which  (3%  of  all  radio- 
graphs) were  not  anticipated  by  bedside  exainina- 
tion.  Most  of  these  findings  were  accounted  for  by 
malpositioning  of  nasogastric  or  endotracheal  tubes. 
Unanticipated  major  findings  were  distributed 
among  18%  (confidence  interval  9-26%)  of  me- 
chanically ventilated  patients  examined. 

An  additional  aspect  of  determining  the  value  of 
daily  routine  chest  radiographs  relates  to  their  im- 
pact on  initiating  new  physician  diagnostic  or  thera- 
peutic interventions.  Several  studies  examine  the 
clinical  importance  of  new  radiographic  findings 
detected  on  daily  routine  chest  radiographs.  In  167 
patients  hospitalized  in  a  respiratory  intensive  care 
unit,  Bekemeyer  and  colleagues'-  found  that  45%  of 
716  routine  morning  radiographs  detected  new  ab- 
normalities. Of  the  radiographs  with  new  findings, 
22%  prompted  physician  diagnostic  interventions, 
41%  prompted  new  therapeutic  interventions,  46% 
caused  catheters  or  tubes  to  be  adjusted,  and  86% 
prompted  some  combination  of  either  a  new  diag- 
nostic, therapeutic,  or  catheter/tube  adjustment  in- 
tervention. Strain  and  co-workers^-  observed  in  ICU 
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patients  that  93%  of  radiographs  with  unanticipated 
abnormalities  required  modification  of  patient  care; 
5?>%  of  the  obtained  radiographs  were  routine 
morning  studies. 

No  study  has  yet  examined  whether  daily  routine 
radiographic  detection  of  new  and  unanticipated  ab- 
normalities, with  subsequent  modifications  of  pa- 
tient care,  makes  an  impact  on  outcome.  It  is  possi- 
ble that  the  unanticipated  cardiopulmonary  findings 
detected  by  morning  radiographs  would  eventually 
be  diagnosed  and  adequately  treated  by  the  critical 
care  team.  However,  the  serious  nature  of  some  of 
the  radiographically  detected  conditions  (such  as 
malpositioned  endotracheal  tubes  and  pneumotho- 
races)  suggests  that  patient  outcome  would  be  im- 
proved to  some  undetermined  but  probably  signifi- 
cant degree  by  an  early  radiographic  diagnosis. 

More  investigational  data  are  required  to  deter- 
mine whether  certain  patients  with  specific  disease 
conditions  benefit  more  than  others  from  daily  rou- 
tine chest  radiographs.  Strain  and  co-workers^^ 
demonstrated  that  the  highest  incidence  of  new 
findings  occurred  in  ICU  patients  with  respiratory 
or  complicated  cardiac  disorders.  Patients  with  un- 
complicated cardiac  conditions  or  noncardiopul- 
monary  disorders  had  a  low  incidence  of  positive 
findings  on  routine  daily  chest  radiographs.  The  re- 
mainder of  studies  investigating  the  yield  of  routine 
chest  radiographs  have  centered  on  patients  who 
had  a  high  incidence  of  cardiopulmonary  disor- 
(jgj.g  2,11,12.30  i^  addition  to  defining  the  patient  con- 
dition that  increases  the  yield  of  daily  chest  radio- 
graphs, the  timing  of  chest  radiographs  relative  to 
the  patient's  ho.spital  stay  has  not  been  examined.  It 
is  unknown  at  what  time  during  the  ICU  stay  or  dur- 
ing what  period  of  patient  stabilization  the  clinical 
value  of  routine  daily  chest  radiographs  begins  to 
diminish. 

It  appears,  on  the  basis  of  available  data,  that  crit- 
ically ill  patients  with  pulmonary  or  complicated 
cardiopulmonary  disorders  benefit  from  daily  chest 
radiographs  because  of  the  frequency  of  newly  de- 
tected and  unanticipated  findings.  These  findings 
prompt  new  diagnostic  or  therapeutic  interventions 
in  a  number  of  patients.  It  is  not  known,  however, 
whether  these  radiographs  and  physician  interven- 
tions affect  outcome  compared  to  a  setting  in  which 
chest  radiographs  might  be  reserved,  after  careful 


bedside  assessment,  for  patients  with  changed  clini- 
cal status.  It  is  also  not  known  at  what  time  during 
the  course  of  a  patient's  care  the  value  of  routine 
daily  chest  radiographs  diminishes. 


Thoracic  CT  Imaging  in  Critically  111  Patients 

Although  the  portable  chest  radiograph  is  a  valu- 
able study  in  critically  ill  patients,  it  has  serious  lim- 
itations in  certain  clinical  situations.  Critically  ill 
patients  are  frequently  unable  to  sit  upright  or  in- 
spire deeply,  which  limits  the  detection  of  air-tluid 
levels  and  distribution  of  pleural  fluid.  Respiratory 
motion,  the  anterior-posterior  and  frequently  low- 
angled  projection,  variation  of  radiologic  technique, 
and  inherent  limitations  of  low-powered  portable 
equipment  further  complicate  radiographic  interpre- 
tation.'''' It  has  been  estimated  that  6  to  37%  of 
portable  chest  radiographs  in  critically  ill  patients 
are  technically  compromised  studies.'"*-'" 

The  consequence  of  these  limitations  is  a  de- 
creased ability  to  recognize  certain  cardiopulmo- 
nary complications  in  critically  ill  patients.  Pleural 
effusions  may  be  difficult  to  identify  because  in- 
trapleural fluid  simulates  posterior-basal  atelecta- 
sis''* or  loculates  in  areas  difficult  to  examine." 
Quantification  of  the  size  of  pleural  effusions  is 
complicated  by  the  distribution  of  fluid  throughout 
the  hemithorax  in  supine  projections  that  present  as 
thickened  pleura,  thickened  fissures,  or  subtle  in- 
creases in  overall  radiographic  density  of  the 
hemithorax."  Pneumothoraces  may  be  obscured  be- 
cause intrapleural  air  collects  in  an  anterior  (Fig.  4) 
or  paramediastinal  location  in  the  supine  patient  or 
is  obscured  by  other  intrathoracic  abnormalities 
(Fig.  S).'-''-'"*  ■*'^  Even  a  tension  pneumothorax  may  be 
difficult  to  define.'*"  Patients  with  pulmonary  infec- 
tions may  have  radiographic  features  that  do  not 
allow  differentiation  between  empyema  and  lung 
abscess  (Fig.  6)."*''  Anterior-posterior  portable  chest 
radiographs  cannot  clearly  confirm  the  correct  posi- 
tion of  chest  tubes,  which  are  malpositioned  in  up  to 
50%  of  patients  with  empyema  (Fig.  T).'*-'-*''  Medi- 
astinal abnormalities,  pulmonary  nodules,  lung 
necrosis  (Fig.  8),  and  extrapleural  fluid  collections 
are  similarly  underappreciated  by  portable  chest  ra- 
diographs.^^ 
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Fig.  4A.  portable  chest  radiograph  after  insertion  of  bilat- 
eral chest  tubes  appears  to  show  resolution  of  bilateral 
pneumothoraces.  4B.  A  chest  CT  shows  persistent  ante- 
rior collections  of  air. 


Thoracic  CT  provides  enhanced  resolution  com- 
pared to  bedside  chest  radiography  and  allows  an 
improved  ability  to  visualize  cross-sectional  trans- 
verse planes  in  the  evaluation  of  chest  wall,  pleural, 
mediastinal,  and  parenchymal  anatomic  structures 
and  abnormalities. ^'^■■^''■***  The  disadvantages  of  the 
procedure  are  its  relatively  high  cost,  necessity  to 
transport  patients,  and  need  for  intravenous  con- 
trast. 

Several  studies  have  examined  the  clinical  utility 
of  CT  compared  to  bedside  portable  chest  radio- 


graphs in  critically  ill  patients.  Mirvis  and  co-work- 
ers-" evaluated,  concurrently  with  CT  and  chest  ra- 
diographs, 56  critically  ill  patients  with  a  high  inci- 
dence of  respiratory  failure,  chest  trauma,  and  dif- 
fuse aspiration.  The  chest  radiographs  were  usually 
obtained  for  the  evaluation  of  sepsis,  fever,  or  unex- 
plained clinical  deterioration.  CT  added  more  im- 
portant clinical  information  that  affected  manage- 
ment than  was  available  on  the  bedside  radiograph 
in  70%  of  CT  scans  and  71%  of  examined  patients. 
Roddy  and  co-workers-^^  found  that  CT  gave  addi- 


Fig.  5A.  A  portable  chest  radiograph  demonstrates  a  cen- 
tral lucency  (arrows)  that  is  not  clearly  defined  as  to  loca- 
tion or  etiology. 


Fig.  5B.  A  chest  CT  detected  a  paramediastinal  loculated 
pneumothorax  (arrow). 
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Fig.  6A.  A  portable  chest  radiograph  in  a  febrile,  critically 
ill  patient  with  left-  (arrow)  and  right-side  air-fluid  levels.  It 
was  unclear  whether  the  right-side  density  was  a  lung  ab- 
scess or  an  empyema  with  a  bronchopleural  fistula.  6B.  A 
chest  CT  demonstrates  an  intrapleural  location  of  the 
density  and  confirms  the  diagnosis  of  empyema. 


tional  information  in  5  of  19  studies  that  significant- 
ly, in  the  opinion  of  the  investigators,  altered  patient 
course.  Patients  were  selected  for  study  because  of 
persistent  fevers  or  failure  to  respond  to  therapy. 
Common  CT  findings  were  maipositioned  chest 
tubes,  unsuspected  pneumothoraces.  extrapleural 
fluid  collections,  loculated  pleural  fluid,  and  medi- 
astinal abnormalities. 

The  routine  use  of  CT  in  genera!  categories  of 
ICU  patients  has  not  been  extensively  studied. 
Smejkal  and  colleagues'*''  perfomied  CT  in  patients 
with  blunt  chest  trauma  and  found  that  it  was  more 
sensitive  than  portable  chest  radiographs  in  detect- 
ing pleural  effusions  and  small  pulmonary  paren- 
chymal lesions.  The  CT  results,  however,  altered 


Fig.  7.  CT  scan  showing  misplacement  of  a  chest  tube 
into  the  major  fissure  (arrow),  which  limits  the  tube's  ca- 
pacity for  draining  the  posteriorly  located  empyema. 


therapy  in  only  1  of  73  patients  and  did  not  appear 
to  be  cost-effective.  It  appears  that  no  indication 
now  exists  for  the  routine  use  of  thoracic  CT  in  any 
broad  category  of  critically  ill  patients  at  the  time  of 
ICU  admission. 

It  appears  that  a  goal-oriented,  economical  ap- 
proach is  required  to  demonstrate  the  advantages  of 
CT  over  portable  chest  radiographs  in  the  ICU.'^" 
Critically  ill  patients  undergoing  mechanical  venti- 
lation may  benefit  from  CT  if  portable  chest  radio- 
graphs and  decubitus  views  fail  to  confirm  a  clini- 
cally (or  radiographically)  suspected  pneumo- 
thorax.^''"-''^  Pleural  fluid  loculations  requiring 
identification  and  drainage  may  benefit  from  CT  ex- 
amination;''"''' establishing  conect  position  of  chest 
tubes  for  pleural  drainage  may  additionally  require 
CT  if  anterior-posterior  and  lateral  chest  radio- 
graphs do  not  confirm  that  the  fluid  is  being  ade- 
quately drained.'*''"'''*  CT  may  assist  in  the  evaluation 
of  patients  with  consolidated  pulmonary  infiltrates 
to  establish  the  existence  of  lung  abscess  or  adjacent 
pleural  fluid  collections.'^-'^  Mediastinal  and  che.st- 
wall  abnormalities  (such  as  aortic  dissection,'"'  me- 
diastinal infections, '^^  pericardial  abnormalities,^^ 
pneumomediastinum,-'^''  and  other  mediastinal  vis- 
ceral abnormalities  including  esophageal  rupture^") 
are  important  indications  for  CT  in  critically  ill  pa- 
tients. Most  of  these  indications,  however,  require 
more  investigation  into  the  impact  of  CT  diagnosis 
on  patient  outcome. 
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Fig.  8A.  A  portable  radiograph  demonstrates  a  right-side 
infiltrate  in  a  patient  with  clinical  features  of  a  pneumonia. 
8B.  The  chest  CT  shows  pulmonary  cavitation  consistent 
with  lung  necrosis  of  intracavitary  sloughing  of  tissue. 


In  Conclusion 

Chest  imaging  with  portable  chest  radiographs 
and  CT  is  an  important  contributor  to  patient  care  in 
the  ICU.  Because  of  increasing  financial  restraints 
in  healthcare,  however,  more  investigations  are  re- 
quired for  a  clearer  understanding  of  which  patients 
benefit  from  these  expensive  imaging  techniques 
and  when,  in  the  course  of  their  ICU  stay,  these 
studies  should  be  ordered.  Although  investigations 
are  beginning  to  define  the  diagnostic  utility  of 
portable  chest  radiographs  in  different  populations 
of  critically  ill  patients,  we  need  to  learn  more  about 
the  impact  that  radiographic  diagnoses  and  resultant 
therapeutic  responses  have  on  actual  patient  out- 
come. 

Developing  analytic  tools  to  evaluate  the  clinical 
importance  of  radiographic  diagnosis  in  critically  ill 
patients  is  particularly  important  now  that  new 
imaging  technology  is  surfacing  in  the  ICU.  Digital 
radiography  stores  a  latent  radiographic  image  on  a 
photostimulable  phosphor  within  a  specially  con- 
tructed  film  cassette.'''^'-  The  image  may  be  dis- 
played on  a  video  monitor  for  almost  immediate 
viewing  in  the  ICU  or  printed  as  a  hard  film  copy. 
The  ability  to  poslprocess  the  images  allows  for 
greater  consistency  in  the  quality  of  the  radiographs 
and  improves  the  visualization  of  indwelling  lubes 
and  catheters  compared  to  conventional  films. 


Easier  access  and  greater  diagnostic  utility  of  digital 
radiography  may  promote  more  frequent  ordering 
of  portable  radiographs  in  the  ICU  in  the  future. 

We  also  need  to  discover  innovative  techniques 
for  assessing  the  position  of  intrathoracic  catheters 
and  tubes'''-^'*  that  obviate  the  need  for  postinseition 
or  monitoring  chest  radiographs.  And,  foremost, 
members  of  the  critical  care  team  need  to  continu- 
ally hone  their  bedside  diagnostic  skills  to  limit  the 
number  of  radiographic  findings  that  surface  as 
"unanticipated"  observations. 
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Retrospectroscope  Redux: 


Hydrogen,  Balloons,  and  Pressures 


Congress,  in  the  interest  of  promoting  the  health 
of  the  public,  has  shown  considerable  concern  about 
(1)  loo-rapid  introduction  of  laboratoiy  discoveries  in 
clinical  practice  and  (2)  too-sloiv  introduction.  Ob- 
viously what  we  need  is  a  just-right  interval  between 
scientific  discovery  and  clinical  application.  The  in- 
troduction of  insulin  in  the  1920s  came  pretty  close 
to  just-right,  although  some  clinicians  resisted  this 
new-fangled  material  for  more  than  a  decade.  Thali- 
domide obviously  was  used  much  too  quickly  and  too 
widely,  though  few  if  any  could  have  predicted  the 
tragic  events  that  followed  its  use  and  not  even  the 
most  cautious  pharmacologists  thought  of  screening 
tests  for  fetal  damage  in  a  variety  of  animal  species. 
X-rays  were  used  almost  instantly  throughout  the 
world  after  their  discovery  in  1895;  however,  when 
reports  of  tissue  damage  began  to  flow  in,  they  also 
proved  to  have  been  applied  clinically  too  quickly 
and  too  widely.  Was  the  1955  introduction  of  Salk 
polio  vaccine  too-rapid  or  just-right?  Even  Congress 
debated  whether  that  vaccine  had  been  introduced 
prematurely  and  devoted  27  pages  of  a  congressional 
report  to  the  matter. 

On  the  other  hand,  some  lags  between  discovery 
and  application,  such  as  that  in  the  use  of  intermit- 
tent positive  pressure  ventilation  during  clinical  in- 
trathoracic operations,'  have  been  very  long  indeed. 
Here  are  a  few  more  examples  of  long  lags. 

Measurement  of  residual  volume  of  the  lungs.  The 
greatest  scientific  event  of  the  eighteenth  century 
was  the  discovery  of  oxygen  and  the  Chemical 
Revolution  that  it  generated.  Interest  in  the  thera- 
peutic use  of  oxygen,  and  other  gases  that  might  be 
respirable,  ran  high  and  led  Thomas  Beddoes  to 
raise  funds  to  build  the  Pneumatic  Institution  near 


Reprinted,  with  permission  from  the  American  Lung  Association, 
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Bristol  in  England.  It  opened  in  1798,  one  of  the  ear- 
liest medical  centers  combining  facilities  for  both 
medical  care  and  research.  Beddoes  invited  Hum- 
phry Davy,  then  20  years  old,  to  join  the  staff  as  Di- 
rector of  the  Laboratory.  Davy's  first  achievement 
there  was  to  purify  nitrous  oxide  and  to  test  its  ef- 
fects, first  on  cats,  rabbits,  and  goldfinches,  and  then 
on  himself  and  his  friends,  among  whom  were 
Joseph  Priestley  and  Samuel  Taylor  Coleridge.  In 
1800,  he  recorded  the  results  of  his  studies,  includ- 
ing the  observation  that  "as  nitrous  oxide  .  .  .  ap- 
pears capable  of  destroying  physical  pain,  it  may 
probably  be  used  with  advantage  during  surgical  op- 
erations"— a  suggestion  not  tested  clinically  until  44 
years  later. 

Among  other  gases  prepared  by  Davy  was  hydro- 
gen. Davy  built  his  own  spirometer,  filled  it  part  way 
with  a  measured  volume  of  hydrogen,  and  breathed 
it  back  and  forth  "for  rather  less  than  half  a  minute, 
making  in  this  time  seven  quick  respirations."  He 
then  expired  fully  into  the  spirometer  and  measured 
the  amount  and  concentration  of  hydrogen  in  it.  He 
reasoned  that  if  no  hydrogen  had  been  absorbed  by 
blood  flowing  through  the  lungs,  the  hydrogen  that 
was  no  longer  in  the  spirometer  must  be  in  his  lungs. 
Now,  knowing  the  amount  of  hydrogen  in  his  lungs 
and  assuming  that  the  concentration  of  hydrogen 
was  the  same  in  the  spirometer  and  in  his  lungs,  he 
calculated  (Figure  I)  his  residual  lung  volume  to  be 
37.5  cu  in  or  614  ml — a  somewhat  low  value,  but,  as 
Davy  wrote,  "my  chest  is  narrow,  measuring  in  cir- 
cumference but  29  inches  and  my  neck  rather  long 
and  slender.  "- 

Hutchinson  did  his  monumental  study  on  vital  ca- 
pacity and  its  subdivisions  in  1846  but  reported  no 
measurements  of  residual  volume  or  vital  capacity. 
Sixty  years  after  Davy's  work,  Grehant  used  a  hydro- 
gen method  to  measure  functional  residual  capacity 
(FRC).''^  This  was  followed  by  another  long,  rela- 
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E.  1.  I  refpired  at  59°  102  cubic  inches  of 
hydrogene  apparently  pure,  for  rather  iefs 
than  half  a  minute,  making  in  this  time  feven 
quick  refpirations. 

After  the  complete  expiration,  when  the 
common  temperature  was  reftored,  the  gas 
occupied  a  fpace  equal  to  103  cubic  inches 
nearly.  Thefe  analifed  were  found  to  confift 

Carbonic  acid  4,0 

Oxygene  3,7 

riitrogene  17,3 

Hydrogene 78,0 

103,0 
riow  as  in  this  experiment,  the  gas  was  in- 
creafed  in  bulk  only  a  cubic  inch;  fuppofing 
that  after  the  compleat  expiration  the  gas  in 
the  lungs,  bronchia  and  fauces  was  of  nearly 
fimilar  competition  with  that  in  the  airholder, 
and  that  no  hydrogene  had  been  abforbed  by 
the  blood,  it  would  follow  that  24  cubic  inch- 
es of  hydrogene  remained  in  the  internal  or- 
gans of  refpiration,  and  confequently,  by  the 
rule  of  proportion,  about  7,8  of  the  mixed  re- 
fidual  gas  of  the  common  air.  And  then  the 
whole  quantity  of  refidual  gas  of  the  lungs, 
fuppofing  the  temperature  59°,  would  have 
been  31,8  cubic  inches;  but  as  its  tempera- 
ture was  nearly  that  of  the  internal  parts  of 
the  body,  98°,  it  muft  have  filled  a  greater 
fpace;  calculating  from  the  experiments  of 
Quyton  and  Vernois, *  about  37,51  cubic 
inches. 


Fig.  1.  Davy's  mctlKKl  lor  nu-.isuiing  residual  gas  in  his  lungs. - 

tivfU  (iiiii-l  period  until  192;^,  when  Van  Slyke  ami 
Binger  used  a  hydrogen-rebreathing  test  to  measure 
FRC;.''  They  reported  no  measurements  on  patients; 
clinical  measurements  of  FRC  finally  began  at  McC.ill 
in  I9.S0  (130  years  after  Davy's  report)  when  (>hristie 
developed  his  oxygen  method. 

i'.slimalion  oj  changes  in  intrapleural  pressure  (hirinfr 
Irrealhing.  Today,  evaluation  of  the  mechanical  prop- 
erties of  the  lungs  is  an  integral  part  of  testing  for 
pulmonary  function.  To  a.s.sess  lliese,  one  must  know 
the  forces  acting  on  the  lung,  and  this  requires  mea- 


suring or  estimating  intrapleural  pressure.  Carl 
Ludwig  (1847)  was  the  first  to  report  measurements 
of  intrapleural  pressure  in  living  animals.''  He  intro- 
duced a  water-filled  tube  capped  witli  a  rubber  bal- 
loon between  the  parietal  and  visceral  pleurae  and 
connected  the  tube  to  a  mercuiy  manometer.  This 
system  provided  data  in  animals  on  the  forces  acting 
on  the  surface  of  the  lung  but  could  hardly  be  ap- 
plied to  healthy  man  or  used  routinely  in  a  pul- 
monaiy  function  laboratory.  The  question  whether  it 
was  possible  to  find  a  safe  way  to  measure  pressure 
outside  the  lungs  but  inside  the  thoracic  cage  was  an- 
swered in  1878  by  Luciani."  Acting  on  a  suggestion 
by  Ceradini,  he  simply  put  a  tube  in  the  intrathoracic 
esophagus  and  mea.sured  pressure  changes  in  the 
fiabby-walled  esophagus;  the  tube  had  numerous 
holes  near  the  lower  end  (sometimes  covered  with  a 
small  rubber  balloon)  and  was  connected  to  a  Marey 
capsule  that  recorded  pressure  changes  more  faith- 
fully than  the  sluggish,  less  sensitive  mercury  mano- 
meter. Luciani's  esophageal  sound  (Figure  2) 
seemed  to  work  well  and  provide  reasonable  data. 
And  certainly  everyone  would  agree  that  swallowing 
a  balloon-catheter  was  a  lot  safer  for  the  patient  than 
putting  a  needle  in  his  thorax.  But  the  method  was 
never  applied  to  man  until  1949! 

Why  not?  Possibly  it  was  lack  of  interest  on  the 
part  of  physiologists.  There  were  indeed  giants  in 
respiratoiT  physiology  at  the  turn  of  the  centiuT  but 
not  many  with  an  interest  in  the  mechanics  of 
breathing.  Those  who  were  interested  in  forces,  pres- 
smes,  and  flow  of  air  at  that  time  failed  to  take  ad- 
vantage of  the  improved  manometers  for  measuring 
blood  pressure  (see  below)  and,  possibly  on  that  ac- 
count, managed  to  "do  in"  the  use  of  the  esophageal 
balloon.  Heynsiiis  (1882)  criticized  esophageal  pres- 
sines  because  these  were  considerably  lower  than 
intrapleural  pressure  and  were  inconsistent;  he 
attributed  these  problems  to  the  thickness  of  the 
esophageal  wall  and  irregular  contractions  of 
smooth  muscle  provoked  by  the  catheter-balloon  act- 
ing as  a  foreign  irritant.**  Meltzer  (1892)  agreed  with 
him  and  this  concurrence  put  an  end  to  the  esopha- 
geal balloon  for  several  decades.^ 

Wirz,  who  did  important  work  on  pressure-vol- 
imie  and  pressure-flow  relationships  in  1923,  mea- 
sured intrapleinal  pressure  directly.  In  his  paper,  he 


Kig.  2.  Luciani's  esophageal  soi 
pleural  pre.s.sure  in  animals." 
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reviewed  other  methods,  including  Liiciani's;  appar- 
ently without  doing  any  studies  using  an  esophageal 
balloon,  he  dismissed  the  method  with  the  statement 
that  it  had  "only  small  historical  importance.  Based 
on  incorrect  premises,  it  never  contribiUed  anything 
to  perfect  the  methods  or  broaden  the  view  of  the 
problem."'"  And,  in  so  .saying,  he  banished  it  for  an- 
other 26  years. 

In  the  meantime,  those  who  wanted  to  learn 
about  the  mechanical  properties  of  healthy,  human, 
living  lungs  had  no  choice  biu  to  puncture  the  pleu- 
ral cavity  cautiously.  This  caution  was  well  expressed 
by  Aron,  the  first  to  measure  intrapleural  pressure  in 
healthy  man  (1896);  in  1900  he  wrote,  "It  is  perhaps 
debatable  whether  an  experiment  of  this  kind  on  a 
living,  healthy  himian  being  is  justified.  However, 
trusting  the  reliability  of  today's  asepsis  and  antisep- 
sis, I  decided  to  risk  it..  .  .  I  was  not  brave  enough  to 
repeat  it  too  often.""  Ronald  Christie  did  it  again  in 
1934,'-  but  Mead'-'  wrote  that  between  1896  and 
1961  probably  fewer  than  ten  persons  served  as  nor- 
mal subjects  for  direct  measurement  of  intrapleural 
pressure. 

In  1949,  Hermanusjohannes  Buytendijk  complet- 
ed his  thesis  for  the  Ph.D.  degree  at  the  University  of 
Groningen;  it  was  entitled  "Esophageal  Pressiue  and 
Lung  Elasticity."  He  used  an  esophageal  balloon  and 
a  thin  copper  membrane  manometer.  His  thesis, 
written  in  Dutch,  took  a  while  to  come  to  the  atten- 
tion of  English-speaking  physiologists.  In  1952,  when 
Dornhorst  and  Leathart  wrote  a  paper  on  measuring 
esophageal  pressure  (with  a  free  polythene  tube 
without  a  balloon),  in  which  they  concluded  that 
"the  pressure  in  the  esophagus  is  readily  measured 
and  is  a  satisfactory  index  of  general  intrathoracic 
pressure,"'^  Buytendijk's  thesis  had  not  yet  come  to 
their  attention.  Wlien  his  Ph.D.  thesis  was  translated 
into  English,  it  provided  convincing  evidence  that 
the  method  was  indeed  reliable  in  man  and  opened 
the  way  for  roiuine  examination  of  pulmonary  com- 
pliance. 

There  are  two  morals  to  this  saga  of  the  esopha- 
geal balloon.  One  is  that  when  a  scientist  achieves 
the  status  of  being  an  "authority,"  he  then  has  an  ad- 
ditional responsibility — of  not  holding  back  the  ad- 
vance of  science  by  pronouncements  that  discourage 
certain  lines  of  investigation.  The  other  is  that  "non- 
authorities"  have  the  responsibility  of  not  accepting 
authoritative  pronoimcements  without  question. 

Strain  gauge.  Today  pulmonary  physiologists  use 
strain  gauges  routinely  to  measure  transairway  or 
transpulmonaiT  pressure,  and  cardiovascular  physi- 
ologists use  them  daily  to  measure  intravascular  and 


intracardiac  pressures.  But  there  was  a  long,  tortuous 
path  between  the  first  use  of  the  mercury  U-tube 
manometer  by  Poiseuille  in  1828  and  the  first  use  of 
the  strain  gauge  manometer  by  Lambert  and  Wood 
in  1947.  Because  the  inertia  of  the  mercury  and  fric- 
tion between  it  and  the  glass  prevented  the  mercury 
manometer  from  recording  true  pressures  in  a  dy- 
namic system,  a  1 19-year  search  went  on  for  an  accu- 
rate, precise,  sensitive,  yet  rugged  and  dependable 
manometer.  This  period  saw  the  rise  and  decline  of 
Marey  and  Chauveau's  rubber  membrane  mano- 
meter, Pick's  spring  manometers,  Hiirthle's  steel 
spring  manometer,  a  series  of  optical  manometers 
designed  by  Frank,  Wiggers,  Hamilton,  Kubicek,  and 
Green,  and  the  electrical  capacitance  manometers  of 
Lilly,  Warburg,  and  Hansen. 

Yet  for  the  last  71  years  of  this  search,  the  princi- 
ple of  the  strain  gauge  was  known;  it  had  been  pul> 
lished  by  Herbert  Tomlinson  in  1876  in  the 
Proceedings  of  the  Royal  Society  of  London}^  The  object 
of  his  research  was  "to  determine  the  relation  be- 
tween increased  resistance  to  the  passage  of  an  elec- 
tric current  and  stretching  force,"  and  he  concluded 
that  "the  temporaiy  increase  per  cent  of  resistance  of 
a  wire  when  stretched  in  the  same  direction  as  the 
flow  of  the  current  is  exactly  proportional  to  the 
stretching  force."  He  did  not  speculate  on  the  possi- 
ble usefulness  of  this  precise  relationship  and  appar- 
ently his  study  was  not  applied  in  industry  or 
medicine  until  Simmonds  patented  the  bonded 
strain  gauge  in  1942  and  licensed  it  to  the  Baldwin 
Locomotive  Works."'  Shortly  thereafter,  suitable 
wires  became  available  commercially,  and  soon 
foimd  many  applications. 

Lambert  and  Wood  were  the  first  to  report  on  the 
use  of  a  strain  gauge  to  measure  blood  pressure.'"  In 
1945,  they  were  attempting  to  develop  direct  meth- 
ods for  continuous  recording  of  arterial  blood  pres- 
sure in  subjects  exposed  to  positive  acceleration  in 
the  Mayo  Clinic's  human  centrifuge.  A  few  years  ear- 
lier, Louis  Statham,  a  physicist  at  the  Curtiss-Wright 
Airplane  Company  of  Buffalo,  N.Y.,  had  developed 
the  "unbonded  strain  gauge."  Statham  patented  the 
device  and  started  his  own  Statham  Laboratories  in 
Los  Angeles  in  1943.  He  made  one  for  Lambert  and 
Wood  in  1946  that  they  adapted  to  measure  fluid 
pressure.  Over  a  period  of  years,  they  requested  and 
obtained  from  Statham  transducers  with  improved 
dynamic  response  characteristics  capable  of  measur- 
ing faithfully  a  wide  variety  of  blood  and  air  pres- 
sures. 

Wliy  did  it  take  71  years  from  discovery  of  the 
principle  of  the  "strain  wires"  to  its  application  for 
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measuring  blood  pressure?  In  part,  this  was  due  to 
lack  of  suitable  amplifiers,  galvanometers,  and 
recorders.  Braun  devised  the  cathode  ray  tube  in 
1897;  Einthoven  constructed  a  sensitive  string  gal- 
vanometer in  1903;  Gasser,  Erlanger,  Forbes,  and 
Thacher  built  electron  lube  amplifiers,  a  cathode  ray 
oscilloscope,  and  a  rapid  photographic  recorder  be- 
tween 1920  and  1922,  but  these  were  not  ideal  for 
high  frequency  recording.  Lambert  and  Wood 
sidestepped  these  problems  in  1947  by  using  a 
rugged,  sensitive  Heiland  galvanometer  commonly 
employed  at  that  time  by  geophysicists;  it  required 
no  amplifier.  Shortly  thereafter  Bardeen,  Brattain, 
and  Shockley  developed  the  transistor  and  industry 
provided  a  wdde  variety  of  amplifiers  and  recorders 
suitable  for  physiologic  measurement. 

Sometimes  I  think  that  Congress  and  the  Admin- 
istration believe  that  failure  to  recognize  a  signifi- 
cant achievement  is  a  characteristic  limited  to  scien- 
tists. Yet  the  talent  of  Vincent  van  Gogh,  today  ac- 
claimed as  one  of  die  world's  great  painters,  went 
unrecognized  in  his  lifetime;  Herman  Melville,  now 
believed  by  many  to  be  America's  greatest  novelist, 
was  practically  unknown  for  30  years  after  his  death, 
and  his  greatest  work,  Mol/y  Dick,  was  a  critical  failure 
and  a  financial  disaster  during  his  life;  and  Franz 
Schubert  died  before  there  was  any  recognition  of 
his  musical  genius.  And  to  these  three  could  be 
added  hundreds  of  now-famous  authors,  painters, 
composers,  and  even  statesmen  whose  achievements 
were  not  acclaimed  for  many  decades.  Could  it  be 
that  lack  of  clair\'oyance  is  a  widespread  human  fail- 
ing and  not  a  special  characteristic  of  biomedical  sci- 
entists? 
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Case  Summary 

A  13-year-old  girl  was  refeired  to 
our  hospital  because  of  a  chronic,  re- 
current cough  with  a  bark-like  quality 
that  occurred  every  15  to  20  seconds. 
She  had  been  hospitalized  previously. 
was  thought  to  have  bronchitis,  and 
had  been  prescribed  oral  antibiotics, 
I.V.  aminophylline,  frequent  nebu- 
lized treatments  of  beta  agonists,  and 
I.V.  prednisone.  No  relief  was  real- 
ized with  this  therapy.  A  broncho- 
scopy yielded  only  normal  results, 
with  no  abnormalities  in  vocal  cord 
motion.  An  electroencephalogram 
(EEG),  computerized  tomogram  (CT) 
of  the  neck,  and  magnetic  resonance 
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imaging  (MRI)  of  the  brain  were  also 
normal.  She  was  then  referred  to  a 
clinical  psychologist  for  possible  bio- 
feedback therapy  and  to  an  ear,  nose, 
and  throat  specialist  who  tried  a  la- 
ryngeal nerve  block;  however,  both 
treatments  were  unsuccessful  in  re- 
lieving the  symptoms. 

Upon  admission  to  our  hospital, 
the  spasmodic  cough  and  inspiratory 
stridor  were  now  occurring  about  1 00 
times  per  minute.  On  physical  exam- 
ination, she  appeared  in  severe  res- 
piratory distress  and  was  very  an- 
xious. She  had  great  difficulty  with 
normal  speech  and  was  unable  to 
even  say  a  full  sentence.  Her  vital 
signs  revealed  a  pulse  of  88/minute, 
temperature  of  37.0°C,  and  blood 
pressure  of  1 10/64. 

Pulmonary  function  tests  were  at- 
tempted, but  the  patient  was  unable  to 
perform  body  plethysmographic  or 
spirometric  maneuvers,  apparently 


because  of  her  rapid  shallow  breath- 
ing pattern.  The  technician  comment- 
ed that  the  patient  did  not  appear  to 
try  very  hard.  However,  a  determina- 
tion of  the  functional  residual  capaci- 
ty (FRC)  was  obtained  by  helium  di- 
lution, and  results  of  the  FRC  and 
minute  ventilation  determinations  are 
shown  in  Table  1 . 


Table  I .  Data  from  Pulmonary  Function 
Testing  Performed  on  Hospital  Admis- 
sion of  1 3- Year-Old  Girl  with  a  Rapid. 
Shallow  Breathing  Pattern 


Variable 


Baseline 


FRCHe  (L) 

2.17(122)* 

VE(L/min) 

30 

RR  (breaths/min) 

105 

Vt(L) 

IS  ^f  predi 

0.285 

*Value  in  parentheses  i 

cted. 

How  Would  You  Answer  These  Questions? 


Could  the  patient  be  malingering? 


What  other  tests  would  you  suggest? 


Answers  and  Discussion  on  Next  Page 
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Answers  and  Discussion 

Some  patients,  who  appear  to  be 
unable  to  take  deep  breaths  (because 
they  can't  or  won't),  can  be  "forced' 
to  take  deeper  breaths.  One  method  is 
to  have  the  patient  inhale  CO2.  which 
normally  results  in  a  strong  and  irre- 
sistible increase  in  central  respiratory 
neural  drive  and  ventilation.  Various 
techniques  for  assessing  CO2  re- 
sponsiveness have  been  described;  in 
general,  these  may  be  divided  into 
steady  state  or  progressive  hypercap- 
nic  techniques. 

In  the  steady  state  technique.'  a 
predetermined  concentration  of  CO2 
and  O:  is  added  to  the  inspiratory  gas. 
In  the  progressive  hyperoxic  hyper- 
capnia  technique.-  the  patient  re- 
breathes  a  gas  mixture  from  a  closed 
system,  so  that  there  is  a  progressive 
rise  in  COi.  When  these  techniques 
are  applied,  the  patient  may  become 
mildly  breathless,  especially  toward 
the  end  of  the  procedure.  The  proce- 
dure is  considered  safe,  and  there  are 
no  long-term  adverse  effects.' 

We  used  the  progressive  hyperox- 
ic hypercapnia  technique  on  our  13- 
year-old  patient.  The  normal  re- 
sponse in  a  young  woman  is  for  the 
tidal  volume  and  the  respiratory  fre- 
quency to  increase  approximately 
two-fold  and  the  minute  ventilation 
to  increase  approximately  20  L/min 
for  every  Paco2  change  of  10  mm  Hg 
(the  dotted  line  in  Fig.  la).^  Because 
our  patient  was  already  breathing  in 
excess  of  100  times  a  minute,  we  ex- 
pected her  to  decrease  her  rate  and  in- 
crease her  tidal  volume  in  order  to  in- 
crease her  minute  ventilation,  but  as 
can  be  seen  in  Figure  lb  this  did  not 
happen. 

Another  technique  that  forces  a 
patient  to  take  deeper  breaths  is  exer- 
cise. In  order  to  maintain  PyO;.  and 
PaCO>  and  pH,  minute  ventilation 
must  increase  during  progressively 
increasing  work  rates.  Normally,  the 
tidal  volume  (Vt)  increases  3-  to  4- 
fold  over  resting  \j  until  it  is  approx- 
imately 607f  of  the  vital  capacity. 
The  respiratory  frequency  rises  2-  to 
3-fold  over  the  frequency  at  rest. 


46        48        50 


Petco2  (torr) 

Fig.  1.  The  results  of  a  progressive 
hypercapnia  test  on  a  13-year-old  pa- 
tient. Figure  la  shows  the  predicted 

( )  and  observed  ( )  response 

of  minute  ventilation  to  increasing 
concentrations  of  CO?. 
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Fig.   1b  shows  the  predicted  ( ) 

and  observed  ( )  responses  of  Vt 

to  increasing  concentrations  of  CO2. 


An  incremental  exercise  test  with 
metabolic  study  and  arterial  catheter 
was  performed.  The  results  (Table  2) 
show  that  again  we  were  largely  un- 
successful in  increasing  Vj,  although 
minute  ventilation  did  rise  slightly. 

Table  2.  Exercise  Data  on  13- Year-Old 
Girl  with  Rapid.  .Shallow  Breathing 
Pattern 


Max 

Variable 

Rest 

Exercise 

Workrate,  or 

power  (watts) 

15  (49)* 

Vo2(mL/niin) 

247 

9.58(47) 

Vco'(mL/iTiin) 

187 

817 

R(VcO:/Vo:) 

0.76 

0.H5 

V|.:(  L/min) 

28.8 

39.8(68) 

V|  (niL) 

IQ8 

406 

pH 

7.43 

7.37 

PiC-o:(torr) 

31 

32 

P,,)_,(torr) 

86 

76 

SaO:(%) 

96 
are  %  prec 

94 

♦Values  in  parentheses 

icted. 

We  concluded  from  the  outcomes 
of  the  tests  that,  in  our  patient,  malin- 
gering was  unlikely;  thus,  a  broader 
search  for  the  problem  was  undertak- 
en. A  laryngoscopy  revealed  that 
vocal  cord  movement  was  not  con- 
sistent with  vocal  cord  dysfunction. 
But  a  rhythmic  tic-like  (hiccup-like) 
movement  synchronized  to  each 
cough  could  be  seen  in  the  cords  and 
surrounding  tissue. 

A  fluoroscopy  of  the  diaphragm 
revealed  rhythmic  contractions  of  the 
left  hemidiaphragm  that  were  partic- 
ularly prominent  during  inspiration 
but  continued  throughout  the  respira- 
tory cycle.  Hence,  it  was  concluded 
that  the  patient  had  flutter  of  the  left 
hemidiaphragm.  The  flutter  occurred 
primarily  with  inspiration  at  a  fre- 
quency of  approximately  150  per 
minute,  had  an  amplitude  of  several 
centimeters,  and  was  involuntary. 

Diaphragmatic  flutter  is  a  rare  con- 
dition with  only  some  48  cases  re- 
ported."' Symptoms  of  fatigue  (espe- 
cially of  the  musculature  of  the  upper 
thorax  and  shoulders),  loss  of  sleep, 
and  difficulties  with  speech  have 
been  described  frequently  in  patients 
with  diaphragmatic  flutter.* 

In  our  patient,  trials  of  medica- 
tions such  as  thorazine,  tegretol,  and 
haldol  were  not  successful.  However, 
local  anesthetic  blockade  of  the  left 
phrenic  nerve  completely  eliminated 
the  diaphragmatic  flutter,  but  only 
temporarily  (ie,  several  hours).  Con- 
sequently, the  phrenic  nerve  was 
crushed,  with  iinmediate  cessation  of 
the  flutter.'  Crushing  of  the  phrenic 
nerve  is  a  simple  surgical  procedure, 
which  involves  exposing  the  phrenic 
nerve  in  the  neck  and  then  clamping 
and  squeezing  the  nerve.  Crushing  is 
preferable  to  severing  because  a 
crushed  nerve  will  repair  itself  in  2-6 
months,  whereas  a  severed  nerve  can- 
not repair  itself.  Two  weeks  after  this 
surgical  procedure,  pulmonary  func- 
tion tests  were  repeated  (Table  3  and 
Fig.  2).  As  one  can  see,  the  results  are 
normal.  Because  the  patient  is  young, 
it   is  ln>pcd  that  when  the  phrenic 
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Table  3.  Data  from  Pulmonary  Function 
Testing  Performed  2  Weeks  after  Phrenic 
Nerve  Crushing 


Variable 

Baseline 

TLC(L) 

3.90(102)* 

TGV  (L) 

2.01  (113) 

RV(L) 

1.07(214) 

FVC  (L) 

2.88(87) 

FEV,  (L) 

2.52(88) 

FEV,/FVC(%) 

88 

*Values  in  parentheses  are 

%  predicted. 

Volume  (L) 

Fig.  2.  The  flow-volume  loop  of  a  13- 
year-old  patient  plotted  at  absolute 
lung  volume  2  weeks  after  phrenic 
nerve  crushing.  Predicted  response  = 
;  observed  response  = . 


nerve  repairs  itself  the  flutter  will  not 
return. 

The  pulmonary  function  labora- 
tory is  occasionally  asked  to  test  pa- 
tients who  cannot  or  will  not  perform 
the  required  maneuvers.  Techniques 
such  as  CO2  breathing  and  exercise 
testing  can  be  used  to  assess  ventila- 
tory capacity  in  such  patients  because 
these  states  force  the  patient  to  venti- 
late. The  results  of  using  these  tech- 
niques can  determine  whether  the  pa- 
tient can't  or  won't. 
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Test  \bur 
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Patricia  A  Doorlev  MS  RRT  and  Charles  G  Durhin  Jr  MD.  Section  Editors 


Pulmonary  Pathology  following  Intra-Abdominal  Surgery 


Sara  Gehling  RRT 


A  44-year-old  Caucasian  woman  with  a  long  his- 
tory of  gastrointestinal  problems  developed  compli- 
cations 8  days  after  a  revision  gastroenterostomy. 
She  presented  with  fever  (37.8°C),  abdominal  pain, 
pleuritic  pain,  and  hypoxemia.  Arterial  blood  gases 
obtained  on  room  air  were  PaO:  55  torr,  Paco:  39 
torr,  pH  7.47,  base  -i-5,  HCOf  28  mEq/L,  hemo- 
globin 9.1  g/dL,  and  SaO:  87%.  She  was  readmitted 
to  the  hospital. 

The  patient  had  been  a  cigarette  smoker  for  10 
years  but  quit  1  week  prior  to  this  surgery.  Five 
years  earlier  a  Billroth  II  anastomosis  (resection  of 
the  pylorus  and  part  of  the  lesser  curvature  of  the 
stomach,  closure  of  the  cut  ends  of  duodenum  and 
stomach,  and  direct  communication  between  stom- 
ach and  jejunum)  and  vagotomy  had  been  compli- 
cated by  embolism  of  pulmonary  arteries,  which 
had  been  treated  with  coumarin  (Coumadin).  There 
was  no  other  pertinent  respiratory  history. 


Fig.  1.  Chest  radiograph  of  44-year-old  womati,  tal<en  9 
days  after  a  revision  gastroenterostomy  (Hospital  Day  2). 


After  readmission,  computerized  tomography 
(CT)  scan  of  the  chest  and  abdomen  was  performed, 
and  was  interpreted  as  showing  no  leak  in  the  region 
of  the  surgical  anastomosis  of  jejunum  and  stomach. 

On  the  ninth  postoperative  day  (Hospital  Day  2), 
a  chest  radiograph  was  performed  and  is  shown  in 
Figure  1 .  On  the  basis  of  this  film,  a  thoracentesis 
was  performed,  and  250  mL  of  a  straw-colored  fluid 
was  removed.  Cultures  later  proved  to  be  positive 


Mrs  Gehling  is  a  SlalT Therapist.  Respiratory  Care  Departiiiciit. 
St  Mary's  Hospital,  Mayo  Clinic,  Rochester,  Minnesota. 


Fig.  2.  A.  Computed  tomogram  (CT)  of  chest  of  44-year- 
old  woman  with  fever  and  persisting  pleuritic  pain,  taken 
on  Hospital  Day  10.  B.  View  A  with  structures  to  be  identi- 
fied. 
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Fig.  3.  Chest  radiograph  of  44-year-old  woman,  with  con- 
tinued fever  and  pain,  taken  on  Hospital  Day  12. 


for  Morganella  morgani.  The  patient  was  started  on 
antimicrobial  agents  aztreonam  and  nystatin  (My co- 
statin). 

On  the  sixteenth  postoperative  day  (Hospital  Day 
8),  her  temperature  rose  to  38.2°C,  and  the  pleuritic 
pain  persisted.  A  chest  radiograph  taken  on  this  day 
confirmed  the  patient  had  left  lower-lobe  collapse 
for  which  a  chest  tube  was  placed  in  the  left  pleural 
space.  Minimal  pleural  drainage  was  noted,  and  an- 
tibiotic therapy  was  continued. 

A  CT  of  the  chest  was  done  on  Day  10  and  is 
shown  in  Figure  2.  On  Day  12,  another  chest  x-ray 
was  taken  and  is  shown  in  Figure  3.  There  had  been 
no  change  in  the  chest  pain  or  fever. 


How  Would  You  Answer  These  Questions? 

What  abnormalities  can  be  seen  in  Figure  1? 


What  abnormalities  can  be  seen  on  the  CT  scan  (Fig.  2A)? 


Identify  the  numbered  structures  in  Figure  2B:  ( 1 ) 

(3) :(4) 

(6) ;(7) 

(9) :(10)       


;  (2) 


:(5) 
;(8) 


What  abnormalities  can  be  seen  in  Figure  3?_ 


What  is  the  probable  cause  of  the  patient's  persistent  fever  and  pain  and  increasing  opacification  in  the  left 
hemithorax? 

What  treatment  is  indicated  for  resolution  of  this  condition? 
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Answers 

Abnormalities  in  Figures  1-3:  Figure  1  demon- 
strates an  obscured  left  costophrenic  angle  and  left 
heart  border  suggesting  a  pleural  effusion.  The  CT 
scan  (Fig.  2A)  confirms  the  presence  of  liquid  in  the 
pleural  space.  The  structures  in  Fig.  2B  are  { 1 )  the 
scapula,  (2)  ribs.  (3)  vertebral  body,  (4)  sternum,  (5) 
heart,  (6)  trachea,  (7)  esophagus,  (8)  aorta.  (9) 
bronchi,  and  (10)  pleural  fluid.  Figure  3  demon- 
strates minimal  resolution  of  the  pleural  effusion 
following  placement  of  a  chest  tube,  with  a  convex 
density  abutting  the  left  chest  wall. 


Diagnosis:  The  patient  was  diagnosed  as  having  an 
empyema,  a  pus-containing  pleural  effusion. 
Instead  of  the  expected  concavity,  the  convex  densi- 
ty can  be  seen  abutting  the  left  chest  wall  and  sug- 
gests loculated  empyema  fluid. 


Treatment:  Because  this  patient  had  two  sites  of 
loculated  empyema  (the  second  site  in  the  left  pos- 
terior pleural  space  is  not  visible  in  the  figures)  and 
failed  to  respond  to  antibiotic  therapy  and  drainage, 
pleural  decortication  was  indicated.  On  Day  14  after 
the  initial  onset  of  fever  and  pain,  the  patient  was 
taken  to  surgery  where  bronchoscopy  was  per- 
formed to  confirm  the  presence  of  patent  bronchi  to 
the  affected  area.  A  left  thoracotomy  and  a  left  lung 
decortication  were  performed.  Figure  4  is  the  chest 
radiograph  taken  immediately  after  reinflation  of 
the  lung.  The  patient  continued  on  antibiotics  until 
her  dismissal  25  days  after  the  first  presentation  of 
symptoms. 


Discussion 

Empyema  can  come  from  the  lung  or  a  penetrat- 
ing injury  of  the  chest  wall.  Less  commonly,  it  can 
arise  from  the  blood  stream,  from  lymphatic  spread, 
or  through  the  diaphragm  from  abdominal  disease.' 
The  source  in  our  patient  was  not  deflnitcly  estab- 
lished but  may  have  been  associated  with  a  subclin- 


Fig.  4.  Chest  radiograph  of  44-year-old  woman  immedi- 
ately following  left  lung  decortication  and  lung  reinflation, 
taken  on  Hospital  Day  14. 

ical  abdominal  infection.  The  patient  may  present 
with  high  fever,  extreme  exhaustion,  rigors,  pleurit- 
ic chest  pain,  and  dyspnea.  In  some  cases,  weight 
loss  and  cough  have  been  noted.'  - 

A  chest  radiograph,  cultures  of  aspirated  fluid 
from  the  pleural  effusion,  and  sputum  cultures  will 
usually  establish  a  diagnosis.'  Mortality  from  em- 
pyema ranges  from  1 1  to  50%.  Underlying  pulmo- 
nary disease,  persistent  systemic  symptoms.  Gram- 
negative  bacterial  infection,  and  advanced  age  con- 
tribute to  a  poor  prognosis.  Therefore,  treatment  of 
empyema  requires  immediate  antibiotic  therapy  and 
adequate  drainage.  Early  antibiotic  administration 
reduces  the  risk  of  sepsis  and  decreases  the  amount 
of  pleural  fibrosis.-  Thoracentesis  may  be  effective 
in  removing  fluid,  but  the  definitive  treatment  is 
placement  of  a  chest  tube.  If  the  empyema  is  not 
drained,  it  may  worsen  and  become  loculated.  In 
such  instances,  pleural  decortication  is  used  to  con- 
trol the  pleural  infection.' 

Pleural  decortication  is  used  when  the  wall  of  the 
empyema  has  become  fibrous — like  a  rind — and  no 
longer  allows  expansion  of  the  lung.  The  procedure 
is  done  by  making  a  posterolateral  incision  and  en- 
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tering  through  the  bed  of  the  fifth  rib.  It  is  then  de- 
cided whether  only  the  visceral  or  both  the  visceral 
and  parietal  pleural  membranes  need  to  be  removed. 
This  removal  is  slow  and  must  be  done  with  great 
care  to  minimize  the  damage  to  the  lung.  After  the 
decortication,  the  lung  is  reinflated  via  positive 
pressure.  Apical  and  basal  chest  tubes  are  inserted, 
and  adequate  suction  is  applied  to  keep  the  lung 
fully  expanded  and  in  apposition  to  the  chest  wall.'' 


REFERENCES 

Cole  RB.  Acute  infections  of  the  respiratory  tract. 
Essentials  of  respiratory  disease,  2nd  ed.  Philadelphia: 
JB  Lippincott,  1975:154. 

Winterbauer  RH.  Nonneoplastic  pleural  effusions.  In: 
Fishman  AP,  ed.  Pulmonary  diseases  and  disorders,  2nd 
ed.  New  York:  McGraw-Hill.  1988:2139. 
DeMeester  TR,  Lafontaine  E.  The  pleura.  In:  Sabiston 
DC,  Spencer  EC,  eds.  Surgery  of  the  chest.  Philadelphia: 
WB  Saunders,  1990:444. 


RESPIRATORY  CARE  •  JANUARY  "94  Vol  39  No  1 


73 


Be 

OmoKG 
Omarl! 


Resources  for 
Smoking  Cessation  Programs 


Order',  with  crc-dil  cirdi  or  !■  O   numbers  may  call  12 II)  J4i  :2.'2,  or  F.i< 

to  (214)  484-2720  If  ordering  by  mail,  send  coupon  to 

AARC  Order  Department,  11030  Abies  Lane,  Dallas,  Texas  75229-4593 


Allow  One  Day  lor  Order  Procemng  tor  Regular  and  Express  shipping.  Mdrenei  outside 


the  continental  U  S 

Order  Total 

SlSorlpss 

—  Provide  telephor 

UPS  Reg. 

325 

e  number  and  contact 
UPS  2nd  Day 

600 

or  snipping  quote 

UPS  Next  Day 

14  00 

$16toS30 

375 

800 

18  00 

S31  toS50 

4  50 

11  00 

2400 

$51  to  575 

550 

1300 

31  00 

176toS100 

700 

16,00 

3800 

$101  to  $125 
$12610  $150 

800 
1000 

1900 
22.00 

50.00 
60.00 

$151  or  more 

12.00 

27,00 

75.00 

NIK  (Nicotine  Intervention  Kit)  — 

NIK  IS  a  complete  do-it-yourself  kit  for 
establishing  a  nicotine  dependency 
intervention  program  in  your  health  care 
facility.  This  kit  contains  everything  you 
need  set  up  the  program.  It  includes  a 
videotape  to  introduce  the  concept  to 
administrators  and  staff,  a  business  plan 
to  help  sell  the  program  to 
management,  a  complete  set  of 
reproducible  forms  for  use  in  patient 
education  and  counseling,  and  a  list  of 
the  latest  resources  to  help  inform  both 
patients  and  staff. 
Item  R50  —  $70  Ea 
($50  for  AARC  Members) 

Nicotine  Dependency  Evaluation 
and  Treatment  — 

Helps  you  understand  the  physiologic 
effects  of  nicotine  and  the  tests  and 
questions  used  to  evaluate  dependency. 
Provides  an  understanding  of  nicotine, 
its  effects  on  brain  chemistry,  its 
measurement  in  bodily  fluids,  and  value 
of  self-tests  to  determine  addiction  level. 
Also  teaches  about  nicotine  replacement 
and  how  to  enhance  it  w/ith  behavioral 
counseling 

Individual  Independent  Study  Package, 
Item  SCI  —  $10  Ea 

Bedside  Counseling  of  the 
Hospitalized  Smoker  — 

Prepares  you  for  the  role  of  a  smoking 
cessation  counselor  to  hospital  inpatients 
by  teaching  assessment  and  bedside 
counseling  Help  patients  cope  with 
nicotine  withdrawal,  increase  motivation 
for  permanent  cessation,  and  understand 
the  factors  contributing  to  relapse. 
Individual  Independent  Study  Package, 
ltemSC2  — $10Ea 

Smoking  Cessation:  Intervention 
Techniques  for  the  Respiratory 
Care  Practitioner  — 

Covers  four  major  aspects  of  smoking 
cessation  —  the  impact  of  smoking  on 
illness  and  mortality,  behavioral 
components,  current  cessation 
programs,  and  effective  intervention. 
Discusses  identification  of  the  physically 
addicted  smoker  and  the  effects  of 
nicotine  withdrawal.  A  one  hour 


videotape  lecture  by  Kathleen  A. 

Smalky,  MD,  MPH 

Item  VT35  —  $40  Ea,  VHS 

($35  for  AARC  Members) 

Super  RT  — 

Enlighten  children  on  how  to  care  for 
their  lungs.  Don  a  Super  RT  t-shirt  and 
use  puppets  and  skits  to  entertain  and 
teach  children  about  caring  for  their 
lungs.  Kit  contains  a  Super  RT  t-shirt, 
three  puppets,  three  scripts,  30  activity 
books,  30  Non-Smoking  Fans,  30 
Smokebusters  Stickers,  30  Smokebusters 
bags,  a  lesson  plan  for  presentations, 
and  suggestions  for  future  projects. 
Item  PR7  —  Complete  Kit,  $40 
($30  for  AARC  Members) 
tern  PR8  —  10  Extra  Activity  Books,  $12 
($8  for  AARC  Members) 
Item  PR30  —  Pkg  of  50  Extra 
Smokebusters  Stickers,  $2 
($1  for  AARC  Members) 
Item  PR31  —  Pkg  of  50  Extra 
Smokebusters  Bags,  $12 
($6  for  AARC  Members) 

Secondhand  Smoke  — 

This  brochure  offers  topical  information 
about  the  effects  of  exposure  to 
secondhand  smoke  and  how  to  avoid  it. 
Item  R24  — $10,  Pad  Of  50 

($5  for  AARC  Members) 

The  Process  of  Quitting 
Smoking  — 

You  can  help  others  quit  smoking  with 

these  tips  on  how  they  can  start  the 

process. 

Item  R33  — $10,  Pad  Of  50 

($5  for  AARC  Members) 

Non-Smoking  Fan  — 

This  hand-held  fan  is  a  great 
conversation  piece  and  demonstration  of 
one's  commitment  to  better  breathing. 
Item  R8  — $10,  Pkg  Of  25 
($5  for  AARC  Members) 

Headless  Matches  — 

Help  your  smoking  friends  see  the  light 
and  spread  the  word  that  "There's  No 
Match  for  Respiratory  Health"  with 
non-lighting  headless  matches. 
Item  R9  —  $5,  Box  Of  50 
($2,50  for  AARC  Members) 


LI  I  want  to  be  Smoke  Smart,  please  send 

Item  Description 


me  the  items  I  have  indicated  below. 

Quantity         Price  Each       Total  Price 


Ship  via  UPS  Li  Ground  li  2nd  Day  Air  rj  Next  Day  Air 
Please  use  the  chart  to  the  left  to  calculate  shipping. 


Shipping  . 
Merchandise 


'.    Check  or  Money  Order  enclosed  payable  to  the  AARC 

i  '  Bill  me.  my  PC.  No.  is 

I    Charge  to  my    i.iVisa     u  MasterCard 

Card  # Exp.  Date SignaturtJ  . 


AARC  Member  # 
Institution 

Name 

Address 

City/State/Zip 

1994  Call  for  Abstracts 


Respiratory  Care  •  Open  Forum 


The  American  Association  for  Respiratory  Care  and  its  sci- 
ence journal.  Respiratory  Care,  invite  submission  of  brief 
abstracts  related  to  any  aspect  of  cardiorespiratory  care.  The 
abstracts  will  be  reviewed,  and  selected  authors  will  be  invited 
to  present  papers  at  the  Open  Forum  during  the  AARC  Annual 
Meeting  in  Las  Vegas,  Nevada,  December  10-13,  1994.  Ac- 
cepted abstracts  will  be  published  in  the  November  1994  issue 
of  Respiratory  Care.  Membership  in  the  AARC  is  not  nec- 
essary for  participation. 
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invited  to  present  a  paper  at  the  Open  Forum.  Therefore,  the 
abstract  must  provide  all  important  data,  findings,  and  conclu- 
sions. Give  specific  information.  Do  not  write  such  general 
statements  as  "Results  will  be  presented"  or  "Significance  will 
be  discussed." 

Essential  Content  Elements 

An  original  study  abstract  must  include  ( 1 )  Introduction:  state- 
ment of  research  problem,  question,  or  hypothesis:  (2)  Method: 
description  of  research  design  and  conduct  in  sufficient  detail 
to  pennit  judgment  of  validity;  (3)  Results:  statement  of  re- 
search findings  with  quantitative  data  and  statistical  analysis; 
(4)  Conclusions:  interpretation  of  the  meaning  of  the  results.  A 
method/device  evaluation  abstract  must  include  ( 1 )  Intro- 
duction: identification  of  the  method  or  device  and  its  intended 
function;  (2)  Method:  description  of  the  evaluation  in  suf- 
ficient detail  to  permit  judgment  of  its  objectivity  and  validity; 
(3)  Results:  findings  of  the  evaluation;  (4)  Experience:  sum- 
mary of  the  author's  practical  experience  or  a  notation  of  lack 
of  experience;  (5)  Conclusions:  interpretation  of  the  evaluation 
and  experience.  Cost  comparisons  should  be  included  where 
possible  and  appropriate.  A  case  report  abstract  must  report  a 
case  that  is  uncommon  or  of  exceptional  teaching/learning  val- 
ue and  must  include:  ( 1 )  patient  data  case  summary  and  (2) 
significance  of  case.  Content  should  reflect  results  of  literature 
review.  The  author(s)  should  have  been  actively  involved  in 
the  case  and  a  case-managing  physician  must  be  a  co-author  or 
must  approve  the  report. 


Abstract  Format  and  Typing  Instructions 

Accepted  abstracts  will  be  photographed.  First  line  of  ab- 
stract should  be  the  title  in  all  capital  letters.  Title  should  ex- 
plain content.  Follow  title  with  names  of  all  authors  (including 
credentials),  institution(s),  and  location.  Underline  presenter's 
name.  Type  or  electronically  print  the  abstract  single  spaced  in 
the  space  provided  on  the  abstract  blank.  Insert  only  one  letter 
space  between  sentences.  Text  submission  on  diskette  is  en- 
couraged but  must  be  accompanied  by  a  hard  copy.  Identifiers 
will  be  masked  (blinded)  for  review.  Make  the  abstract  all  one 
paragraph.  Data  may  be  submitted  in  table  form  and  simple 
figures  may  be  included  provided  they  fit  within  the  space  al- 
lotted. No  figures,  illustrations,  or  tables  are  to  be  attached  to 
the  abstract  form.  Provide  all  author  information  requested  in 
right  column  of  abstract  form.  A  clear  photocopy  of  the  ab- 
stract form  may  be  used.  Standard  abbreviations  may  be  em- 
ployed without  explanation.  A  new  or  infrequently  used  ab- 
breviation should  be  preceded  by  the  spelled-out  term  the  first 
time  it  is  used.  Any  recurring  phrase  or  expression  may  be  ab- 
breviated if  it  is  first  explained.  Check  the  abstract  for  (1 )  er- 
rors in  spelling,  grammar,  facts,  and  figures;  (2)  clarity  of  lan- 
guage; (3)  conformance  to  these  specifications.  An  abstract  not 
prepared  as  requested  may  not  be  reviewed.  Questions  about 
abstract  preparation  may  be  telephoned  to  the  editorial  staff  of 
Respiratory  Care  at  (214)  243-2272. 

Deadlines 

Deadline  Allowing  Revision 

Authors  may  choose  to  submit  abstracts  early.  Abstracts 
received  by  March  5  will  be  reviewed  and  the  authors  notified 
by  April  22.  Rejected  abstracts  will  be  accompanied  by  a  writ- 
ten critique  that  should  in  many  cases  enable  authors  to  revise 
their  abstracts  and  resubmit  them  by  the  final  deadline  (May 


Final  Deadline 

The  mandatory  Final  Deadline  is  May  28  (postmark).  Au- 
thors will  be  notified  of  acceptance  or  rejection  by  letter 
only — to  be  mailed  by  August  15. 

Mailing  Instructions 

Mail  (Do  not  fax!)  2  clear  copies  of  the  completed  abstract 
form  and  a  stamped,  self-addressed  postcard  (for  notice  of  re- 
ceipt) to: 

Respiratory  Care  Open  Forum 
1 1030  Abies  Lane 
Dallas  TX  75229-4593 
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Abstract  Form 


1.  Title  must  be  in  all  uppercase  (capital)  letters,  au- 
thors" full  names  and  text  in  upper  and  lower  case. 

2.  Follow  title  with  all  authors"  names  including  cre- 
dentials (underline  presenter's  name),  institution, 
and  location. 

3.  Do  not  justify  (ie,  leave  "ragged"  right  margin). 

4.  Do  not  use  type  size  less  than  9  points. 

5.  All  text,  tables,  and  figures  must  fit  into  the  rec- 
tangle shown. 

6.  Submit  2  clean  copies.  This  form  may  be  photo- 
copied if  multiple  abstracts  are  to  be  submitted. 


Presenter's  Name  &  Credentials 


Presenter's  Mai  I  in"  .Address 


Presenter's  Voice  Plione  &  Fax 


Conesponding  Author's  Name  &  Credentials 


Corresponding  Author's  Mailing  Addres: 


Conesponding  Author's  Voice  Phone  &  Fax 


Mail  original  &  1  photocopy 
(along  with  postage-paid  postcard)  to: 

Respiratgri'  Care  Open  Forum 
11030  Abies  Lane 
Dallas  TX  75229 

Early  deadline  is  March  15.  IW4 
{abstract  received) 
Final  deadline  is  May  2S.  1994 
(abstract  postmarked) 


8.1  cm  or  3.2" 
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Nonces  of  competitions,  scholarships,  fellowships,  examination  dates,  new  educational  programs,  and  the  like  will  be  listed  here  free  of 
charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days  before  the  desired  month  of  publication  (January  1  for  the  March  issue. 
February  1  for  the  April  issue,  etc).  Include  all  pcriineni  information  and  mail  notices  to  RESPIRATORY  CARE  Notices  Depi.  I  1030  Abies 
Lane.  Dallas  TX  75229-4593. 


Notices 


AARC  SUMMER  FORUM 

St  Petersburg.  Florida,  July  15-17,  1994 

AARC  ANNUAL  CONVENTION  SITES  &  DATES 

1994 — Las  Vegas,  Nevada.  December  10-13 

1995 — Orlando,  Florida,  December  2-5 
1996 — San  Diego,  California,  November  2-5 

Open  Forum  1994 

It's  time  to  submit  your  abstracts  for  possible  presentation  at  the 
Open  Forum  during  the  AARC  Annual  Meeting  in  Las  Vegas,  Ne- 
vada, December  10-13,  1994. 

An  early  deadline  (March  15)  allows  opportunity  for  revision  fol- 
lowing review,  with  re-submission  by  the  final  deadline  (May  28).  For 
more  information  on  changes  to  the  rules/instructions,  see  Page  75  of 
this  issue. 


THE  NATIONAL  BOARD  FOR  RESPIRATORY  CARE— 1994  Examination  and  Fee  Scliedule 

Examination 
Date 

Application 
Deadline 

Fee  Schedule 

Entry  Level  CRTT — new  applicant: 

Entry  level  CRTT — reappiicant: 

RRT  Written  and  CHnical  Simulation — 

$  90.00 
$  60.00 

CRTT: 

March  12 

January  1 

new  applicant; 
Written  Registry  Only — new  applicant: 

$190.00 
$  90.00 

July  16 
November  1 2 

May  1 
September  1 

Written  Registry  Only — reappiicant: 
Clinical  Simulation  Only — new  &  reappl 
Entry  Level  CPFT — new  applicant: 

cant 

$  60.00 
$100.00 
$100.00 

RRT: 

June  4 
December  3 

February  1 
August  1 

Entry  level  CPFT — reappiicant: 
Advanced  RPFT — new  apphcant: 
Advanced  RPIT — reappiicant: 

Active 

$  80.00 
$150.00 
$130.00 

Inactive 

CPFT: 

June  4 

April  1 

CRTT  Recredentialing: 
RRT  Recredentialing: 

$25.00 

$  60,00 

Written  Registry  Examination 

$25.00 

$  60.00 

RPFT: 

December  3 

September  1 

Clinical  Simulation  Examination 
CPFT  Recredentialing: 

$65.00 
$25.00 

$100.00 
$  80.00 

RPFT  Recredentialing: 

$25.00 

$130.00 

Perinatal/ 
Pediatric: 

March  1 2 

November  1 

P/PSpecialty  Credentialing: 
Membership  Renewal: 
CRTT/RRT/CPFT/RPFT 

$25.00 

$130.00 
$  12.00 

8310  Neiman  Road  •  Lenexa, 

Kansas  66214  •  (913)  599-4200 
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Noi- for- profit  organizations  are  offered  a  free  advertisement  of  up  to  eight  lines  to  appear,  on  a  space-available  basis,  in  Calendar  of  Events  in 
RESPIRATORY  CARE,  Ads  for  other  meetings  are  priced  at  $5.50  per  line  and  require  an  insertion  order.  Deadline  is  the  20th  of  the  month  Iwo 
months  preceding  the  month  in  which  you  wish  the  ad  to  run,  Submit  copy  and  insertion  orders  to  Calendar  of  Events.  RESPIRATORY  CARE. 
1 1030  Abies  Lane.  Dallas  TX  75229-4593. 


Calendar 
of  Events 


AARC  &  AFFILIATES 

February  22-25,  Reno,  Nevada.  The  NSRC  and  the 

American  Lung  Association  of  Nevada  present  the  L^th 
Annual  High  Sierra  Critical  Care  Conference  at  the 
Peppermill  Hotel  Casino.  The  four-day  conference  pre- 
sents critical  care  topics  covering  adult,  pediatric,  and 
neonatal  issues.  Contact:  Colleen  Banghart,  American 
Lung  Association  of  Nevada,  PO  Box  7056,  Reno  NV 
89510.  (702)  829-5864  (9  am  to  3  pm  PST). 

April  11-13,  Philadelphia,  Pennsylvania.  The  PSRC 

presents  its  29th  annual  conference  and  exhibition  at  the 
Adam's  Mark  Hotel.  This  year's  theme  is  'Winds  of 
Change.'  State  Sputum  Bowl  finals  are  featured.  Contact 
Betsy  Schneck.  (215)  829-3578  for  more  information. 

May  3-6,  Grand  Rapids,  Michigan.  The  MSRC  holds  its 
1994  Scientific  Symposium  at  the  Amway  Grand  Plaza 
Hotel.  Contact  MSRC,  PO  Box  950,  East  Lansing,  MI 
48826-0950,  or  call  Caroline  Kimmel  (517)  336-7605. 

OTHER  MEETINGS 

February  13-16,  Breckenridge,  Colorado.  Cardiopul- 
monary Wellness  and  Rehabilitation  is  co-sponsored  by  St 
Helena  Hospital  and  the  American  College  of  Chest 
Physicians  and  held  at  the  Village  at  Breckenridge  Resort. 
Contact  Arlene  Karavich.  ACCP  Office,  3300  Dundee  Rd, 
Nonhbrook,  IL  60062-2348.  (708)  498-1400. 

February  17-20,  Lalie  Buena  Vista,  Florida.  The  16th 
Annual  Pulmonary  Wintercourse  program,  held  in 
Disney's  Contemporary  Resort  at  Walt  Disney  World,  is 
sponsored  by  the  Florida  Thoracic  Society  and  the 
American  Lung  Association  of  Florida.  The  program  pre- 
sents an  update  of  the  basic  concepts  and  new  develop- 
ments/techniques in  the  diagnosis  and  management  of 
adults  and  children  with  respiratory  problems.  For 
brochure,  send  name  and  address  to  Wintercourse,  PO  Box 


8127,  Jacksonville,  FL  32239-0127  USA  or  call  (904)  743- 
2933/FAX  (904)  743-2916. 

March  5-8, 1994  in  Glasgow,  Scotland.  The  International 
Congress  on  Smoking  Cessation  convenes.  For  further 
information,  please  contact:  Jane  Fensome,  Congress 
Secretariat,  Gardiner-Caldwell  Communications  Ltd,  The 
Old  Ribbon  Mill,  Pitt  Street.  Macclesfield,  Cheshire  SKI  1 
7PT,  UK.  Tel:  44  625  615325.  Fax:  44  625  616563. 

March  24-26,  1994  in  Helena,  Montana.  The  13th 
Annual  Big  Sky  Pulmonary  Ski  Conference  is  held. 
Contact:  The  American  Lung  Association  of  Montana.  825 
Helena  Ave.  Helena  MT  59601.  (406)  442-6556,  fax  (406) 
442-2346. 

April  5-11,  Miami,  Florida.  The  1994  session  of  Miami 
Children's  Hospital's  Annual  VACC  Camp  for  ventila- 
tion-assisted children  and  their  families  is  held. 
Application  due  date  is  Jan.  5.  1994.  This  community- 
based,  free  camp  program  provides  recreation  and  social 
support  for  children  with  trachs,  vents,  and  CPAP  and 
their  moms,  dads,  and  siblings  who  are  at  least  five  years 
old.  Technology-dependent  children  should  have  normal 
cognitive  potential.  Contact:  Director  Moises  Simpser, 
MD,  or  Program  Coordinator  Cathy  Klein,  Ventilation 
Assisted  Children's  Center,  Division  of  Pulmonology, 
Miami  Children's  Hospital,  3200  SW  60th  Court,  Suite 
203,  Miami  FL  33 155-4076,  (305)  662-VACC. 

April  21-22,  1994,  San  Diego,  California.  Round-Up 
your  rehab  skills  by  attending  the  California  Society  for 
Pulmonary  Rehabilitation's  5th  Annual  Educational 
Seminar  at  the  beautiful  U.S.  Grand  Hotel.  Speakers  dis- 
cuss exercise  and  nutrition,  osteoporosis,  ethical  issues, 
allergy  and  environmental  control,  depression  in  COPD, 
and  much  more.  Also  join  us  for  a  country /western  recep- 
tion and  dance.  For  more  information,  contact  Mary  Jo 
Goldzimer  RN  RCP,  (619)  759-1513  or  Ann  Devine  BS 
RRT  (909)  884-6673. 
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News  releases  about  new  products  and  services  will  be  considered  for  publication  in  this  section.  There  is  no  charge  In 
these  listings.  Send  descriptive  release  and  glossy  black  and  white  photographs  to  RESPIR.ATORY  CARE  joumul.  New 
Products  and  Services  Dept,  1 1030  Abies  Lane,  Dallas  TX  75229. 


New  Products 
&  Services 


LAPTOP  ECG.  Designed  for  the 
general  practitioner,  specialist,  or 
hospital,  the  new  Cardiovit  AT- 10 
functions  like  a  powerful  laptop  com- 
puter. Resting  ECG,  exercise  testing, 
and  spirometry  are  performed  via  ded- 
icated function  keys.  More  extensive 
diagnostic  testing  such  as  ECG  inter- 
pretation, pacemaker  measurement, 
and  late  potential  is  made  available 
through  optional  software  upgrades. 
The  exercise  testing  program  is  in- 
cluded at  no  additional  cost.  All 
options  can  he  added  at  any  time 
after  purchase.  A  large  tilt-up  mon- 
itor, battery  operation,  and  8  'A  x  11 
in  printer  are  all  standard  with  the 
AT- 10.  Connectivity  is  provided 
through  standard  serial,  analog,  and 
monitor  interfaces.  For  information, 
contact  Schiller  America,  Dept  RC, 
3002  Dow  Ave,  Tustin  CA  92680;  or 
call  (714)  730-0650.  Don't  forget  to 
mention  Respiratory  Care  when  you 
call. 


CARBON  MONOXIDE  DETEC- 
TOR. The  GASMASTER  system  is  a 
wall-mounted  toxic-gas  monitor  that 
can  be  specified  with  any  combina- 
tion of  detectors  including  carbon 
monoxide.  Low  and  high  alarm  con- 
ditions can  be  set  to  trigger  relays  to 


operate  external  lights,  alarms,  auto- 
matic doors,  and  ventilation  systeins. 
The  unit  comes  with  audio  visual 
alarms  in  a  dust-  and  water-resistant 
steel  enclosure  with  built-in  battery 
backup.  These  sensors  can  be  placed 
up  to  a  mile  away  from  the  main  con- 
troller, which  produces  the  readout  in 
parts  per  million  on  the  digital  dis- 
play. CEA  Instruments  has  other 
units  available  for  monitoring  carbon 
monoxide  and  various  other  toxic 
and  combustible  gases  in  fixed  sys- 
tems; they  offer  portable  and  per- 
sonal models  as  well.  For  more  infor- 
mation, contact  Steven  R  Adelman, 
CEA  Instruments  Inc,  Dept  RC,  16 
Chestnut  Street,  PO  Box  303.  Emer- 
son NJ  07630;  or  call  (210)  967- 
5660.  Please  mention  Respiratory 
Care  when  you  call. 


COMPLETE   TRAINING   PLAN. 

SafetyLine  has  published  a  complete, 
turnkey  training  plan  entitled 
"Bloodborne  Pathogens  Exposure 
Control  Plan."  The  plan  includes  pre- 
written job-risk  analyses  and  easy-to- 
use  training  materials  and  is  adapt- 
able to  OSHA  standards.  The  plan 
guides  the  user  through  step-by-step 
implementation  and  includes  all  the 
materials  needed  for  compliance. 
Ten  separate  chapters  cover  each  of 
the  issues  required  by  the  Standard, 


including  Administration,  Exposure 
Determination,  Biohazard  Com- 
munications, Engineering  &  Work 
Practice  Controls.  Regulated  Waste. 
PPE,  Housekeeping.  Hepatitis  B 
Immunization.  Post-Exposure  Pro- 
cedures, and  Training.  The  training 
kit,  priced  at  $299,  contains  five  sets 
of  training  booklets,  immunization 
forms,  and  an  instruction  guide — 
enough  for  5  employees.  Free  access 
is  available  to  a  toll-free  telephone 
hotline  for  technical  assistance.  To 
receive  additional  information,  call 
or  write  SafetyLine,  Dept  RC,  4332 
Suite  100,  Cerritos  Ave,  Los  Ala- 
mitos  CA  90720,  (714)  220-6400. 
Please  mention  Respiratory  Care 
when  you  call. 
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1  ^  Hosp  2  500  Of  more  beds 

2.  a  Hosp  300  to  499  beds 

3.  a  Hosp  200  10  299  beds 

4  3  Hosp  100  to  199  beds 

5  3  Hosp  <100  or  less  bed 

6  3  Skilled  Nursing  Facilily 
7.3  Home  Care  Practice 
8.  3  School 

II.  Department 

A  3  Respiratory  Therapy 

B  3  Cardiopulmonary 

C  3  Anesthesia  Service 

D  3  Emergency  Depl. 

til.  Specially 

!.□  Clinical  Practice 

2.Q  Pennatal  Pediatrics 

3-3  Critical  Care 

4  3  Clinical  Researcti 

5  3  Pulmonary  Function  Lab 

6  J  Home  Care/Rehab 

7  J  Education 

8  3  Management 
IV.  Position 

A  J  Dept  Head 

B  J  Chief  Therapist 

C  J  Supervisor 

D  J  Staff  Technician 

E  J  Staff  Therapist 

F  J  Educator 

G  3  Medical  Director 

H.J  Anesthesiologist 

I    J  PulmonologisI 

J  3  Other  lylD 

K  3  Nurse 

V.Are  you  a  member  of  Itie  A 

1  a  Yes        2  J  No 


I.  Type  of  Instn/Practice 

I .  3  Hosp  >  500  or  more  beds 

2  3  Hosp  300  to  499  beds 

3  3  Hosp  200  to  299  beds 

4  J  Hosp  too  10  199  beds 

6  J  Skilled  Nursing  Facility 

7  3  Home  Care  Practice 

8  3  School 

II.  Department 

A3  Respiratory  Therapy 
B  3  Cardiopulmonary 
C  Q  Anesthesia  Service 
D  Q  Emergency  Dept 

III.  Specialty 

t.J  Clinical  Practice 

2  3  Pennatal  Pediatrics 

3  3  Cnlical  Care 

4  3  Clinical  Research 

5  3  Pulmonary  Function  Lab 

6  3  Home  Care/Rehab 

7  3  Education 

8  3  Management 

IV.  Position 

A  J  Dept  Head 

B.J  Chief  Therapist 

C  J  Supen/isor 

D  3  Staff  Technician 

E.J  Staff  Therapist 

F  J  Educator 

G  3  Medical  Director 

H  3  Anesthesiologist 

I    J  Pulmonologist 

J  3  Other  MD 

K  J  Nurse 
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Before  we  introduced  our  new 

spot-check  oximeter, 

we  triple-checked  it  for  durability 


We  vibration-tested  it.  We  subjected 
it  to  extreme  temperatures.  And  we 
shock-tested  it 

The  N-20  portable  pulse  oximeter 
met  our  tough  standards.  And  we're  so 
confident  that  it's  rugged  enough  to 
stand  up  to  yours,  we've  backed  it  with 
an  exclusive  three-year  warranty. 

Consider  these  advantages: 

•  Portable,  hand-held  operation 

•  Quick  assessment  of  patient  O2 
saturation 


•  Dual  modes  for  spot  check  and 
extended  measurement 

•  Hard-copy  documentation  with 
integral  printer  in  model  N-20P 

•  Compatible  with  the  full  line  of 
iV£LLCO^  sensors 

For  more  information  about  the 
new  N-20  pulse  oximeter,  see 
your  Nellcor  representative  or  call 
1-800-NELLCOR 


NELLCOR^ 


Internationally,  call  our  European  office  in  the  Netherlands  at  +31.73.426565  or  our  Asia/Pacific  office  at  +852.529.0363. 
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NEW  advancea  niter  design . . . 

for  the  lowest  imposed  work  of  breathing 
of  any  volumetric  exercisers.* 

R>r  more  information  contact  your  Sherwood  O.R.  /  Critical  Care  Representative  or  call 

1-800-325-7472. 


'Data  on  file  at  Sherwood  Medical. 
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